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4MrnucAN* iiiiaut .u»fnxAL 


Patu-nlfi ofU’ti i*(mt|)ln!n uf miinluif’Vi, ami tin^lin^r after 

.sleeping or worklrur v.ilh their arms in the position of liypejvihduetion,* 
Most iVfjurnlly they chniitm llicir positions nml little nUention is i)ai(I 
to the.sf pheiionieno, hVw jsliirlies iifivo iiiMitionefl tho subject . Todd”* 
repttrled an experinient on hinis“!f in wliieh he slept vdlh his H<:hl ann 
si rd cited out {tlntosf vertically under Ids head, 'I'liis was continued 
with .sotne interruptiouR for ciirld years {lf)]3 to 1021), at which time 
tiripliofT, b'ss of .seitsvitinn, Mveifint.', desqtjumafion, eanealuia, and 
paroitychiji ticvcioped within tltrec months, and affeelcd espeeially the 
rittht thnnih and index Unucr. 11c .staled limt the experiment failed 
to brinrr forward s-videnee rehitinir to vasetdar eiians:es, although the 
stndies reported do not tiftpt'iir very enjnjdete jn that reuard. The syn- 
drome disa))penr«ul when he c-easf-d to .sleep in ihi.s jmstmts Xo flioroujrh 
.sttjdy of the ineidenco of these pftenotnena in normal persons, or of the 
precise merhanis’m respoitsihle for it, wa.s made, 

Dnrijttr the past tivc years the author has- <-nconntcred. in several in- 
stances. evidenec of marked viiseular and nenrolouie ehnntres produced 
hv imdonamd 'Tivperabdm'tion*' of flic anus. In this paper, case his- 
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A.MKKrCAN' HHARI JOt’KXAf. 


Injection of a 3 per cent aolulion of procaine in tiic region of the 
sealemis anticus nmsele failed to prc'vetit (he ohlileralion of the pulse 
by fho above-mentioned nnmeuvei's, although liui proecdurc v/as su3)ject 
to the inevitable, fnctoi'8 of uncertainty in this- area. Itoentgenologic 
studies of the right .shoulder girdle, chest, and cervical .spine showed 
nothing abnormal. 

The meebani.sms involved in the sympfomatolog>' and tlu; obliteration 
of the pulse in this ease were obviously more complex than in the othere, 
and will be eonsidered later in this paper. 



Fia. 1- — Stecplnp po‘^ltion frf-Quenth- ficen In liojpllnl wnrcis, In which obUtcration of 
the pulse ami overstretching of the nerve trunks may occur. 

CO.Miir:KT.S 

In each of the first five cases, the s.^'ndrome had previously been mis- 
interpreted. Tlic following po.ssi bill ties bad been considered : Rajniaud’s 
sj'ndrome, thromboangiitis obliteran.s, intrinsic or extrinsic tumor of 
the cervical cord, ruptured nucleus pulposus in the cervical area, in- 
fectious pDlj-nouritis, ulnar and median nerve injury, eeiwucal rib, and 
scalenus anticus syndrome. 

This gave rise to the following qxicstions: 

1. Wbat is the incidence of obstruction of the major arteries to the 
upper extremities as a result of liyperabducting the anus in various 
positions? 

2. Is tliis abnormal or normal ? 



•pjBAS-UAvop puB paBAVi[aBq sjapploqs siq odjoj luiq SuiABq 
Aq JO ‘a^SuB aajSap-Qqx 'b OAoqB iujb siq ^onpqBJacLCq ^uai^Bd aq:^ Sir^Bq 
.Cq .X^uo pajBja:^qqo aq ppioa hub xJ 9I 9qx aspid aqx ‘:^SBJxnoa iCg; 
•as[Tid aqx jo nor;Bja;qqo tii xinsaj xoti pp\OAv dnojS sipjo^oad at^q. uBq; 
jaqxo sapsnra jappoqs* jo iiQrpBj^iioa jo japxnoqs aqq. jo iioi^BAaig; 

•pjBAV 

-uAvop puB pjBAupBq sjappioqs siq aojoj :^iiaixBd aqq. SiipiBq iCg ‘i 
•q^Bajq siq ppq puB ^C{daap ajidsui ^uai^^d aq; SiiiABq -g 

•uoixisod iCuB Til injB aqx q^iAv dnojS apsniu 
jounn puB joCbiu suBjoiaad xqSiJ siq pBJxnoo xnai^Bd aqq. SupvBq Xg 'e 

qjai aqx paaq srq a:^Bpj 
Xuai^Bd aqx SniABq uaqx puB ‘pa^Bjaxgqo sbav aspd aqx aJaqAi pAa][ aqx 
Avofaq pnC o; suoixoajip aAoqB aqx jo ^XnB ui ulib aip Suixonpqy -f 
•aiSuB aajSap-gf- b o:^ ^^qBJaxBpjapod hub aq; Smpnpqy -g 
•a|gnB aajgap-06 ^ ox ^tnBjaxB|OjaxiiB hub aqx Smxonpqy -g 
•saajSap Qf AqBjaxB]; hub aqx Snixonpqy -p 

: sajnpaaojd Sui 

-Avogoj aqx i!q paxBjaxqqo ajOAv sas[ttd ^BiqoBjq piiB pipBJ xqSu aqj, 

'xXgBjaxB[iq xbhuou ajaAv saxaqoj daap aqj, -jaSug qxjuoj 
, aqX JO apis JBupi puB jaSuq qjjq ajijHa aqj pnB ‘pnBq puB hubojoj aqj jo 
’ apis JBup aq; ‘hub aq; jo apis [Bja;B[ aq; ‘jap;noqs aq; jo ;oadsB joija; 
-sod aq; jaAO apis ;q2ij aq; iio uoi;BSuas pasBaJoap jo iua;;Bd atqsuBA 
B paiBaAaj qaud uid o; uoi;BSHas "joj sai;imaj;xa Jaddii aq; Stn;sajQ 

*azp HI |Bnba 

xCpBi;uassa ajOAi shub aq; ;Bq; papaAaj s;iiaiuajnsBaj\r ‘jap;noqs ;qSij 
aq; iii ;|aj aq p;Hoa sn;idajo ojq -sxnioC ;sija\. jo ‘xvvoqp ‘jappioqs aq; 
JO Hoi;oHi JO hoi;b;iiuii; oil sbav ajaqj, uopa |bhuoii b paiiiBjaj puBq jja; 
aq; SBajaipvv ‘paqsnq ja;B[ pnB paqoiiB|q piiBq ;qSu aq; ‘pa;onpqBjadxtq 
ajaxvv SHUB aq; ‘joxvoxvvoq ‘uaq^v^ -xV'xiHiajxxa jaddn ;ja[ aq; qxpvv pajBd 
-luoo SB ajn;BjadHia; puB ‘ajH;xa; ‘joiod ;BHuon jo sbav iiiqs aq; uoi;isod 
;uapuadap b hi hub aq; q;iA\. uopinoqs ;q,§Li aq; jo suiaiv {BjaxB^toa" ai[; 
JO ;uaiuaSjoSua ou sbav ajaqj^ •sai;gBiujoiic[B on papaAaj uoi;aadsHi 

' ''S9/SZI ^J9I 9q; Hi piiB ‘99/8^1 
SBAV HUB ;qSiJ aq; ui ojnssajd poo;q aqjr, •uoissnosip japmi Hia;qojd aq; 
o; pa;BpJuii’sai;iiBHU0iiqB ;HBaqiuSis ou ojaAv ajaqj, 'ubhi pp-JBax^-^g 
‘papsniu x^pABaq ‘xvqoo;s b sbav jiiaijBd aqj, — ■uoiimuumx^ 

•;i asn p[noa aq ajojaq sjnoq jBjaAas 
SBAV ;i piiB ‘puBq ;ja; su[ q;pvv ;i ;ji; o; xtjBSsaaau sbav ;i •SiiiuaqBAVB 
uodn HUB ;qi>iJ siq aAOui o; a^qBuii sbav piiB noi;pod siq; ui ;da;s aq 
xVJiiCui puoaas siq Ja;jB sqaa^u oav; ;iioqy -aajSap snoijas b o; ;ou ;nq 
‘SBisaq;sajBd paauaijadxa pBq ajj -Avogid b sb paaq su[ japuii spuBq siq 
q;iAV ;da;s xvpuanbajj psq ;uai;Bd siq; s;napiooB siq o; joijd s.iBaxv Jog 
•sjaSuq q;jq puB q;jnoj aq; SupvpAui ‘puBq puB HUBajoj aq; jo apis 
jBiqn aq; Suo;b ssauqHiiin pasBajoiii pa;ou pBq ajj -asjoAV xXpApsajSojd 
havojS pBq noi;ipHoa siq; q;uoHi Suipaaajd aq; Snung •japjno'qs siq jo 
uoigaj aq; in ssauiABoq jo uoi;Bsnas b paauaijadxa iCguBxsiioa puB ^/daais 
o; SuioS,, aJBxVV hub jaddii puB japjnoqs sn[ ji sb paj o; pauuijHoa 
aq ‘xiljnCui puoaas ai[; ja;jB ‘;nq ‘papisqns xV'pvvojs sn{jj ■jappioqs aq; 
JO aaBjjus joija;sod aip no iioiSaj jBpidBas aq; ui .padopAap jsq siq jo 
azis aq; duirq y •auii; siq; ajn;Baj Suiqij;s ajout b sbav ppj A’jBgixB 
jouajUB aq; ui uiBd aqj, 'Suixoq opipu juauoddo ub Sui;;iq ja;jB xCxgiqB 
-sip puB uiBd JBpuiis paja^ns uibSb aq xCjuCui jbuiSijo aq; ja;jB sqaa^vv 
xis ;noqy -sqaaAv aajq; ja;jB arjBuiojduiAsB SBxVv ag ' qjojuioasip joCbui 
JO a;is aq; ;ou sbav siq; ;nq ‘ppj ajb|]txb J0ija;uB aq; ui uiBd'papBaaj 
OH ‘op?® uiojj HUB siq asiBJ o; uiiq joj a;qissoduii ';i apBui qaiipw 
;nioC jap;noqs aq; ui daap uiBd pBq aq jajjBajaqj, * qiiioC jappoqs 


L 


arcoauisrAS avunosvAOanaxM rjHoiaAv 
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A^jnniCAN IlKAHT .JOim.VAl, 


could ))c achieved) ; (3) Il)e jmsilioii at wli'idi it fuKt disappeared as Ihe 
arm was Iiyporabdueted ; (4) whether deep inspiration could produce 
ohslrnelion with the arm held in a mnri^inal position (i.e., one in which 
slitrhl movcTneni would ojien or shut off (he, arteries); (5) whether (lie 
incidence of this .sisru was intlnencefl hy muscular development; (C) 
whether neurolo"ic syniptom.s could he produced withiji two miiiiite.s 





Flp. 3. — Second poslUon for lost. In many instances the pulse iS 
crated by sfrnplv iiyperabcluctfnp: the arm to tbbs or a ft/milar position (1 plus or 
phis dffllrulty). ‘in others it i« more dltilcult to ascertain an exact p^iUon at ■which 
the pulse disappears (IJ plus or 4 plus dlfllcully). In the third group the pulse cannot 
be obliterated In any position. 


without mlerfercnce with the major circulation, as evidenced bj- ab- 
sence of change in the pulse. Questionable observations were checked by 
tnore than one examiner. 

The results of tliis study were as follows : 

In one hundred twenty-five of one Inindrod fifty “normal” subjects 
(S3.3 per cent), obliteration of the right arm pulse could be produced 
by hyperabduction of the right arm above the head (Pig. 3). In one 



siq; :^nio(i 9no .to siuiod ^Cubui 9joai o.ioq:^ .T0t[:;0i{AV ‘spjOAV 

.T 8 q :}0 ui) usifdnibDOB o; ^|noipip .10 suAi. six{^ .T91 [;j9i{av (g) fuoi:} 
-isod xCuB HE p9:}B.T9;i|qo 0 q ppoo ospid 9i{:). .T9q:}9qA\. (p) 0 ; sb gpBui 9 .t9av' 
siioi:}B:}Oi\[ •(f’ -Sr^) siu.ib .ipq:} ^onpqB.iocL^q pnB p9q in oi]; ui9q; SntABi[ 
^{q p9qo3qD ‘s90ub:^sui U90:^j^ ui ‘9.t 9A1 iC|rsB9 p9:^ou.T;sqo 9 joa\. spss9A 
osoq^M spaCqng -(g *St^q) ospid |BipB.T 9q:^ no s.i9Sup: s^j9uruiBX9 gq^ 
q^pvv p9:}onpq'Bj;9diq sbav 'tliit; ui ‘iujb tpBg; '(g 'Si^) x 9A9]; loppoqs 
Avopq suoi^isod iit q5Su0.i:js puB oouosa.id s;i .toj paqoaqo sbav asjnd 
|BipB.T DqjQ ‘jpqo p9q9Bq-:}i{.oiB.T^s ‘quras b ui p9:}B9S sbav ^uapBd 0i[j] 

•uonisod sim ut 513J A(isi3a si puu Suoavs si asind 
9til •Arp-iai'Bl puB AiioiaDjUB pD^onpqB 'uuv ' ‘;s3:j aoj uoi^jisod ut ^U3 ivb<j — - j 

■» ....... 



: SAVOnOJ SB OpBIU 9J;9AV SUOl!; 

-BAJ9sqo 993SOJI; .loCBjq puB iTun{j 3 ‘g; uiijsuy lauopQ ;^ubu9:j 

-naig; JO uorjB.iadooo oqj qjpvv painuiBxa 9.ia.w ‘aiuojpuLiCs siqj oj pjBS 
-9.1 qjpvv-qBiu.Tou aq oj pa.iapisuoD ‘s^jnpB Suuoa ^Cjjq pajpuni]; auQ 

■a_ ., snnav TVHaoN'xMO ssnaHiLS 

•suoTjsaut) xuuoijippB puB asaip .laAvsuB oj uaqBj.T9pun aiaAV saipnjg 

I uoijBsqnd xbt.19jjb aqj jo uoijB.T9jixqo jo aouasqB 
aqj ui uoijisod siqj guiumssB xCq paanpo.id aq saSusqa xtdosuas ubq 'g 

j ji jsuibSb saAxasxuaixj ja9xo.id oj puaj puB uoijisod siqj SuiiunssB 
IUO.TJ asuB qaiqAv STU0JduIi^s azrnSoaa.i suosjad jo a§Bxuaa.Tad jB q/V\ 'f 
ipaonpojd si auio.ipiL^s siqj qoiixxvv xCq uisiiiBqoaui aqj sr jBq M '8 

sii'ioaaMxis uvaaosvAoaaaK : ihbihav 
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wjKs iiisihj )>nHliicD(l hy hyiit.*nil)(hj(,-tio» of the (‘oi-r(‘.sjiomiin!' nnn, :i,s 
(Icsrriitt'fl. In only eleven of the one hniulrefl fifly suhject.s (7.4 per 
eenl) etnihl no oblilenition he )Mti'ineefl in either arm. Xonrolo^'ic 
.syinptfim.'^. inelmlijiu: p:ire-‘<lh<'.sias. were jM-ofluei-d in two ea.ses fin one 
in tin- left, nnd in one in tin- riuhf i within tu«» miniitt'S. in tlie abs()Hf 
of obliteration of the iml.'.-t'. 

The fre(|ueney of obliteration of tin; pnI.M_> wa.s nmeh biolnn- than an- 
tieipated, and the faets eertainly warrant the eomdn.sion that tlie an- 
alotnie avrantieinent is a normal one (in that it oeeiii's in a very hitrh 
pereentafre of peisoiisl whieh. under speeifie eonditions. may jtroduee 
a speeifie .syndrome. This is’ imjmrtant beean.se this ])osition of hy])er* 
abduetion is today iieine: Avidely, but erronemisly. used as a lest for the 
sealenus alitieus syndrome. The .seaietii are relaxed rather than ten.sed 
in ibis jiositioti. As wa.s pointed out by Delisner, tJaue. ami DeBaluy.'' 
tills po.sitioii frequently relieves the pain in the senlenus atUieits .syn- 
drome. 

flhscrvations were made as to whether tlieri' was any correlation be- 
tween tlic dejrree of imiseular development and the case with whieh 
the inilse <'Ould he oi)litorate<l. No sneh eorndalion could he estahlished. 
except that obliteration of the pulse wa'-- very dinicult, and frequently 
impossible, to produee by this metimd in the '‘loo.se .iointed" typo ol 
poivson. 

Eight .subjects could hloeh their pulses by muscular contraction in 
the marginal ])osition (the po.sition in which a slight movement of the 
arm would obliterate or rc.slore the ])ulsc). The author has in the pa.st 
.seen numerons per.sons avIio could do this in any position hy emit fac- 
tion of 4he pecturalis major and minor group. 

In three instancc.s, the ]nil.se could ho obliterated in the marginal 
positions hy deep respiration. In two, however, the pulse Avas definitely 
made more prominent by deep re.spiration. 

Que.stioning revealed that thirteen of the one linndrcd fifty subjects 
frequenth' slept Avith their arms hyperabdneted, usually Avith the olboAVs 
somcAAdiat tlcxod. Six of these slept eomfortahly in this position. In 
these, obliteration could bo jiroduced only Avitb difficullA-, and not in the 
position in Avhich tliey usually slept. ScA-en fre(|uently fell asleep Avith 
their arms bypcrabducted in similar positions, but soon developed siif- 



os[ncI iiLiu i;p[ oi[; jo iioi.pMo^f[qo quoD .lacl gg .10 '95 lu pirij ‘osjud lu.m 
P{St.i oqi JO uoijT?aoq{([0 ‘jxioo .lod gg .10 ‘fg in juq; popir oq piAi jj 

ui tiOALo o.ii; sjpiso.i oqj, 'oiciissod jnq ‘jpio^^ip scav siqd f piii? ‘asuo 
suAv Slip! X ‘’oq ‘siipt f o-i X papiM-o A’quoyjip in snoipn.iCA osoqj^ 

•Djo ‘SUIIOAI.I •sauJIlO.') SujlUUJCj ‘’S'D ‘SUOIJTJClUDDO pUOll.I3AO UI pOSU Ob'Olf) SU llOUb 

‘uoioKlsUb- .lopun" suoni’soci .loi’iio “ujsn .iq poyipom ofl Atjiu siqi "sdoais .iiixmsu 
lun’niiil qoiqAv in uoijis'oil oq; ui luosqu si osfncl oin .loinaqAV uiB^joosn opmu si 
'jAx'qD \! •u’otiisod puooos UI s.mooo uoticjo^nqo jx psox .loj uoi.xisocl paiqx — ’X 'Siaf 



•pojBJoppp SBA\. os[iid oqx qonpv ju ono x^ny oj jop.io in snoixisod jno.ioj 
-jip ojni xnoqupi: SniAOiu pun A[.ioi.iojsod ji Snpnoj ‘ur.iu oqj oj sso.ijs 

ojB.Topoui A'xddB oj A'.iBss'oaon scAv ji ‘s.ioqjo iij ’sopaSox) 08I 

lu.TB oqx ojojpq po.T.niooo soiuixoinos x)nB ‘in, in oqj .oiirxonpc[U.i0diCi[ .Cxo*i9in 
Aq paonpo.id oq x^IH-OO ji soduuxsui oiuos nj •norxB.ioxixqo spxx Snionpo.id 
ni pojojnuoono , Ajxnoiyip oqj ui noTjuniBA oxqB.Topisnoo sbav o.ioqj, 

•0sxnd xBiqoB.Tq oqx jo xbi[x x^spIl^ABd osxrid 
[BipB.i oqx JO uoijB.TOjixqo 'pBoq oqj OAoqB ulib jjoj oqj jo iioponpqB 
-.lodAq A‘q poonpo.id oq p[iioo osjnd iilib jjopoqj jo uoixB.iojyqo ‘snosjod 
j.XBiiLion,, (jnoo nod gg) Ajp ponx^unq ono oqj jo .ihoj-^^jiioailJ ponpnnix 

XI aitoaaxAS avTXiosvAoanax :j,ii{)iaxA 




14 


AMKIUCVX ni:\RT JOUKXAI/ 


men) o)' trfmsitioii inlo llic axilhiry nrtfjy nixl vein) niul llie Tiiain 
fninlcK of llift ])raeliinl piexus pa'^s posterior to Ilie peeloralis minor, just 
honeath tin* eoracoid proeoss (]'’ifr. 7). They are well prolcefcd in arl- 
<lueti()n (Fijr. 5), but when the arm is hypoiabdnefcd they arc slrctc'hod 
around and underneat li tin; eoi'aeoid process. J3y the .same ac1io)i the 
pectoralis minor is drawn li"hl (Fiits. G and 7). Tlii.s double action re- 
sults in difi’enmt dcfn-ees of .slrelchin^ and pincliiu" of the artery, vein, 
and nerves in «lifb'rcnl pei-sons. Another point uhere lu-essure and 
torsion may be produecsl by certain positions of the arms and .shoulders 
is found uhen' the arP'ry, vein, and ple.siis juiss between the clavicle and 



or pro'-sui»\ 


the tirst ri!) (Fi{>. G). Eden-" described a ease tf’a.S'C .‘1; with a noimal 
first rib in which obliteration of the ]uil.se occurred as a result of this 
mechanism when tlie arm was abducted. Althousrh his patient had 
seveie .symptoms, there is no definite Justoiw ot proloiured maintenance 
of tlii.s ijosture, either at ivoi'k or a-slce]}. Thi.s was further admirably 
de.scribed b.r Falconer and Weddell*' in reierenee to a .syndrome pro- 
duced by liavinfr the ])alients force their .shoulders back^vard and down- 
ward, or by hyj)orextension of the neck. These movements result in 
pinching of the vessels and the plexus between the anterior surface of the 
fii-st rib and the posterior surface of the clavicle. They demonstrated 
that this pinching, which may result in obliteration of the pulse and 
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Iho ohlilcration of Ihc pulses of the normal subjoets in our serios avIiosc 
piilsovs ofmld bo obliteraterl onl^' with (Jiffionlly, and wilh baclnvard 
pressure, as well as Iiyperabrbudion, 'i’iii.s appeared 1o play an im- 
])orlanl role in Case o, in wliiHi the pn!«e di.sapj)eared on both sides 
after baclnvard and dowmsaid moveineni of liic shoulders. The sub- 
eoracoid-pocloralis uiinoj- .syndrome appeared to play a major role in 
the obliteration of the puKe eausetl by hyperabduetion, for it oceuiTcd 
when the arm rvas abducted antejolaterally to bd deerrees, a position in 
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let ioi ‘-caleniis inu'icle, .mil i)ccl<ii.ilis minor nui^cle. The claviele has been liflt d out 
of poi-lUon. 


wliich the eo.stoclavicular space is at a wide phase. The reason for the 
]ironouuced aggravation of this syndrome in the right arm after the 
injuries must await solution, if and when the area is explored surgically. 

Other anatomic stresses and pi*essurcs in this extremely complex 
]iorlion of the body may play some pait in this phenomenon in certain 
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it aflor lioi’i/.dutal liar cxiTcisos or {inilonyod liyiicrahdurlion of (lie arms' 
wliile doincr Ufi (lie Jiair. Veiiojrra|ilnV stiidies will doiilitles.s lie of in- 
terest. 'j’ho.se are ronletnj.dated. 

Sr.M.MAItV AN’II co.veiA'sio.vs 

1 . ..V JU'uro\a.seular syiidroau" wliieh is nrodueed liy liyiierabduetioii 
of (lie arms is deserilied. 

2. This is eajialili- of iirodiieinir yanirreiif .si'eotidary to oeelusion of 
tile suhelavian artery, and neuroioirie sensory eomplaints jirobably sec- 
ondary to slretehiny:, and iseiiemia of Ihe brachial plexus trunks. 

8. 'riiere arc two zones of sirctcldmr. torsion, and jiinehintr which 
eoutribnte to file prodiu'tion of this syndrome; fa! the point at which 
the axillary -.subclavian ve.sscls and the trunks of the brachial jdexus pn.ss 
jioslerior to (he pectoraiis minor mus>'!c and beneath the coracoid 
proee.s.s; and fb> the point at which the .subclavian vcs.>-cl.s and the 
trunks t*f fiie plexus pass lietween (he clavicle aud the first rih. 

4. Further anatomie and functional -studies of these and othei- 
mechani.sms wiiidi may contrihute to the ]irodnclion of this .syndrome 
will he highly <le.sirable. 

u. The linsl four patleut.s- reported herein developed (heir syvfhvinos 
:is a result of jirolonx'cd sh'cjiiuy in the supine position with (heir arms 
hyjiernbducted ; in eaeh ease* this resulted in arti’riai occlusion or.stretch- 
iiifi of (lie involved muTe trunks. In Case .'i (he symptoms were a.ir- 
iiravatetl In- a double in.jury involvim; (be riudil shoulder. In additional 
cases, to lie reported later, tiie syndrome has d(‘\ eloped as a re.sult of 
oecnpational hyperabduejicm. 

(). Data are juesented to demonstrate that ocehision of (he subclavian 
artery by byperabduction of (lie arms is a normal ])]ieuomenon. i\rosl 
persons will avoid prolonged byperabduction because of the .sym}i(oms 
]iroduced. 

7. It is I'ccomnieiided that jiei-sons whose jmlses can be occluded in 
(he hyperalKlueted position refrain from slceiuuir or woi'king with their 
anas in that position. 

5. It. is also recommended tlial special attention be paid to the .state 
of the pulse and comjilaints of paresthesias and mmilme.ss from patients 
who.se arms are in liyperaiKluclion on operating tables or in splints or 
ca.sf.s, in order to avoid the neui'ovascular conijilieations wbieb occa- 
sionally occur as a re.sult of no"lect of (his principle. 

9. This report is imblishod in the belief (hat callinir attention to this 
.sjmdrome will lead to correel, diafrno.scs in (lie future, so that patients 
may be advised rctrardinc: tlic jiroiicr treatment for the ma.iorily, namely, 
sleeping witli the arms in safe ])ositions. or. in cases of occupational 
byperabduction, clianging occupations. 

30. In a few eases in wliich the costoclavicnlar .syndrome is dominant, 
surgical treat nient may lie ncce.ssary. 
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-sip SBAx ogBqBaj poo[q jo jiuxouib oqj ‘sjxioiuijodxo Jiaq; iij 'Dixuaxpsi 
pojopxioj xiao([ OABX[ x[aiqAV pxiB sdjj JoSxiy; oqj oj pBO| joqj saAJoxi oqj 
JO sxioijjod 3Sox[j III soSiiBip OJ JoqjBj juq ‘soAjosuioqj sdij jaSiiij aqj iii 
ssaoojd B OJ oup joii si sdij JoSiiij aqj xii sdopAop i|oiqAv ssoiiqxiiiiir oipp 
•jjna ajnssojd poojc[ b jo asu oqj Aq Biixiaqasi jo xioijoupojd oqj jojjb. sis 
-A[BJBd jBjodijjuoa JO savb[ oxxibs aqj oj jao[‘([ns ojoav “jaAxod JBpiosnxii os[b 
piiB ‘jBoq pxiB ppa jo siiorjBSiios oqj jBqj puuoj A’aq^p pin? 

'.Oltljoqoid -SIAVO'I Aq pOJB[RlXMOJ pIlB pOAJOS([0 SB SlSAJBJBCl {BjdcIlJJlIOO 
JO oidiauijd oqj x[jiav jxioxiiaojgB iii si sasBO Jiio xii ApBJjitoo possojg 
-ojd pxiB A[[Bjaqdijad xioSoq ssoxiqxxiixxi pin? §iii[.oxiij jBqj jobj oqj^ 

•sjoqq OAjaxi no ajnssajd jo 

aoiionbosxioa jaojq) b joxi pxiB •oiiiiaqosi jo soojgap OAijBpj Suipxiodsaj 

-joa JO xioissojdxa xib si diqsiiorjBpj b qans jBqj jx[§uoqj si jj -sfas 

-SOA |[Bxus oixios JO odBoso oqj JO osnB0or[ Bixiioqosi jo oojgop oqj iii uoij 

-BiJBA jxipiibasiioo x[jiAv ‘sofpxiuq oajoxi oqj xii sjxiorpBj.o ajiissojd uaAOuri 
OJ sixjj pojnijijjjB aABx[ oax is'joiixiojg pxiB iiAvojg-AxiiiOQ JO soipnjs oxjj 
JO AvoiA . uf 'BAJOii [Bjax[dxj3d JO sjxioxiigos jjoqs JO iioissajdxuoo savoj 
-JOJ ipiIJAV Xioijoiipuoa OAJOXI JO JXlOXUJlBdlUI JO OJBJ III UOIJBIJBA JBOjg 
oqj Tio jJBd III piiadop abxxi sxioijisod oiubs oqj oj siioijoBaj ui oSubj 
opiAA 3i[j ‘sdiqsiioijBpj jBJiijaujjs III oouajojjip oxjj oj iioijippB uj 

•sqiinjj siixo[d jBiqoBjq ox[j jo auios jo Siiijeoj jo Suiipjajjs 
ojaAos .{q siSA[BjBd ooupojd 'poziiiSoaoj poAi si sb ‘iibo iioijonpqBjadlq 
jxiojou^ •iiorpiipqBJodAx[ poSxiopjd jojjb jjBd b ABjd abiu saAjau oqj 
OJ A[ddns poojq pojiBdxui oj onp Biiuoipsp 'SBisoifjsojBd ajBipauiuii aqj 
soaupojd Ajqoqojd squiuj oajou oxjj jo Siixxpuid jo guixpjajjs oqj;, 

•iioijaiipc[BJodAq jo jiiopiiadopiii Jiiaao qaixpvv 'sBisoqjsoSiCp 
HUB jBiunjaoii jo , , •BaijaqjsojB j naijBjg i^io[Bix[DBjg[,, jo iioissnasip su[ 
III --gjaqxiojjiqvv poqijosop. poAv iiooq OABq osoqj jo oiiiog’ •soaiiBjsxii 
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MOMBNTAJn' ATIilAI. HLIOUTUICAL .AXES 

U. AtuIAI. AtIJIAL FlIJinjXATION, 

.iSlJ Pmioxvsmm. Tacuvcakuia 

(IHURCH M Dkciikki), .MJ)„ Ajh’Jicj: Hl'skix, :\r.i)., 
axo (U:omi: Hruumaxx, il.lA 
( (Ar.viuxiox, 'i'nxA.s 

1*4 {IA\ 10 kiiij? hetiii inlei’C-steU in the .supposedly iiuu-sual eombi- 
VV juition of pat'(txy.sniiii utriai tachycardia and atrioventricular block, 
ami have recently directed attention to the unexpected irefiuency with 
wbif'h blo<’k <}tivhtp; puraxysitisJ \\'e ut-re also icnpi'easud with 

the tact that lhc.se .same patients .showed, relatively iiiten, closely usso- 
ciated altiiek.s of atrial flutter or fibrillation.* Several patients .showed 
ail three types of atrial meehani.sin di.stnrbaiiee in the eourse of a few 
hours or day.s. 'I'his lof'ieally led us and otlier.s^ to suppose that the 
fimdanienta! nU‘ehani.sni.s of these tliree ili.sturbanecs might be elosely 
related. The present report deseribes an effort to ju.stify .such an in- 
ference ijy clinical experiment. 

I'arker, Wilson, and Johnston.* reportimr .similar observations, have 
been led to similar eonclusion.s. Their data led them rationally to the 
conelusioji tlial paimXY.snial atrial tachycardia is the result of a circus 
rhythm in the atria, the path of whieh pa.sses tlirough one of the spe- 
cialized atrial noilos. 'I’liat (his might he true appears to have been 
suggested first by lUe.seu and Sebastiani more recently. Ashman and 
Ihill” have accepted this explanation for .some ease.s, at least, of par- 
oxysmal t achyeardiu. 

The recent paper of Barker, Wil.son, ami JoJinston* contains a sum- 
mary of the available evidence bearing on the poiiit, and it must be 
eoufe.ssed that from this evidence one may reasonably coiielude that 
paroxysmal tachycardia may be due to a circus mechanism. They sup- 
port their opinion by citing data relating to the electrocardiographic 
form of the ati-ial complex, the constancy of the rate and its usual 
failure to be influenced by exercise, the ell’cet of reflex vagal stimula- 
tion, the mode of aetioii of (luinidine and digitalis, the oceasioiial oc- 
currence of A-V block and of alternation of the P-P cycle length, and 
the less common close as.sociatiou Avith atrial flutter or fibrillation. 

A circus mechanism might theoretically account (piite satisfactorily 
for most of the Jenown characteristics of paroxysmal tachy'cardia, as 
Barker and his associate,s have indicated. However, actual proof is 
thus far lacking that such a mechanism does exist. The clinical ex- 

. .t’*® Cardiovascular Service of the Jolin Sealy Hospital, and the Department 

of Medicine. University of Texas School of Jlcdicine, Galveston. 
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with th(‘ I'hntluiVfii hyputhosis of the vahics tJui.s derived. Inasmuch 
as wc were able to record otdy two lead.s at one time, it was impossible 
to trace otf the three leatl.s as thoujfh they were recorded .simulta- 
neously, particularly in atrial libriliation, in wliieh there is no cyclic 
repetition of the waves. Lewis presented his data schematically in tlie 
form of a rins. iji wliieh the direction or movement is eloekwi.se when 
viewed in the sagittal plane, and eountercloekwise in the hori/ontal 
ami frontal planes. 



Fig. I. — a, Model constructed from Lewt.'*' data on Jiuttor. Z> .ind c, Our o«n cases of 

flutter. 


Ill the first ease of our own which is illustrated (J.L., Fig. 1, /;), 
the direction of rotation of the axes is clockwise in the sagittal anti 
frontal planes, and counterclockwise in the horizontal iilane. In the 
.second case (J. P., Pig. 1, c), movement is in a cloekuise direction in 
the frontal plane and counterclockwise in the horizontal plane; the 
sagittal view, liowever, shows an S-shaped contour. In the two other 
cases that we have studied the curves closely resemble those .shown in 
the figures. 
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periments to be described below represent an attempt to put this ques- 
tion to the actual test. We recognize fully the theoretical, as well as 
the practical, limitations of the method which we have employed. We 
feel, however, that the results themselves support the validity of the 
method, at least for the purposes for which we have utilized it. 

In a preceding pajier' we described the use of electrocardiograms 
taken in three planes on the chest, and the derivation from them of 
curves and three-dimensional figures representing the momentaiy di- 
rectional change of the consecutive atrial electrical axes. It is, in 
effect, a slight modification of the method originally employed by 
Lewis, Drury, and Iliescu® in their demonstration of the presence of 
a circus movement in atrial fiutter and fibrillation. Our purpose in 
making this study has been (1) to reproduce the results obtained by 
Levds, et al., in eases of fiutter and fibrillation, and (2) to subject 
patients with, iiaroxj'-smal tachycardia to the same type of clinical 
study. The curves obtained have been compared with those obtained 
from patients showing sinus rhythm. Some of the data have been 
briefly discussed elsewhere.'*' Barker, et al.,"* have pointed out the 
similarities between paroxysmal tachycardia with A-Y block and flut- 
ter, and have also indicated the differences. Certainly it is in these 
cases of tachycardia with A-Y block that there is most often an asso- 
ciated flutter or fibrillation.- It is also precisely these cases which are 
most readily studied by Lewis’ method as ■\ve have employed it, for 
in them some of the P waves are isolated, and are not superimposed 
on the xireceding QRS-T complexes. 

EXRERIMEXTAL RESULTS 

Atrial Flutter . — Although the disciples of Rothberger^'’ adhere to the 
belief that flutter and fibrillation are the result of rapid stimuli arising 
from paras 5 'stolic foci, there has been wide acceptance of the concept 
developed extensively by Lewis, viz., that the cause of these disturb- 
ances of mechanism is movement of the impulse through a circular 
pathway, Avhich maj'" be regular or irregular, respectively. On the 
basis of data from experimental fiutter, and from one case of flutter 
in man, Lewis believed that in the usual cases of clinical fluttei* the 
circus movement passed around the mouths of the venae cavae. AYe 
have constructed Pig. 1, a, from Lewis’ data,® after plotting the curves 
in the three planes by the procedure previously outlined. In addition, 
we have studied four cases of flutter of oui- ovm, and illustrate the 
movement of- the momentary electrical axes in two of them in Pig. 
1, h and c. 

AVe adopted Lewis’ method of choosing a base line in those cases 
in which there is continuous electrical activity of the atrium, namely, 
a line drawn midway through the undulations of the string. Lewis® 
accepted this procedure and demoiustrated a satisfactory agreement 
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monu;ut!iry ^-Icetncal axes, at least with the base lines employed, which 
appears, in npreenietif with Lewis, to be compatible Avjth the presence 
of a circus movement in cases of atrial flutter and fibrillation, although 
oj «*ourse it does no( prove its presence. It now remains to ascertain, 
by anahmotis methods, the nature of tlu'se curves in paroxysmal tachy- 
carflia. 

t'ASn 1'., a witite man, aged 117 years. John Scaly Hospital Xo. 

r)fit27, was adtuifted Ifoe. 20, lOlJ. Por the preceding four years he 
lu'ul had cardiac asthma; for six immtlis before admission there had 
iieeJt freipmnt attacks of paroxysmal noetunial dyspnea. Orthopnea, 
dependent edema, and oliguria had been present for eight days. The 
blood pressure was 120/80; numerous asthmatic rale.s were heard over 
the entire chest ; hepatctmcgaly. a.seife.s. and marked edema of the legs 
were n<di‘d. Tin* venous i)re.shtire was 27 cm. of saliue. Twenty-four 
grains of digitalis leaf were given in the first forty-eight hours. On 
Dee. 21, lflb5, 2 e.<*. of mercupurin were in.jected intravenously, caus- 
ing a urinary untjjut of (i.lOU cubic centimcterii. On December 22, the 
electroeardiugram showe*! paroxysmal atrial tachycardia, Avith partial 
A-V block ; the atrial rate varied from loJ to 200 per minute. At 4:30 
that afternoon atrial flutter Avas present (Fig. 1, c). Tachycardia had 
recurred the ne.xt morning. Decciidjer 23; during the day 13 grains of 
(juinidine wore given, and, on December 24, sinus rhythm Avas present. 
The tachycardia recurred on December 27 ; qninidine failed to inter- 
rupt the dislurbauee, and the patient died December 30. 

Tlie electrocardiographic data on this patient are summarized in Pig. 
3, showing those obtained during the paroxysmal tachycardia on De- 
cember 23, and contrasting them with those of the simas rhythm on 
December 24. These data include, in order fi’om above doAvinvards. 
a strip from a limb lead; strips from Leads I and HI in each plane of 
the elie.st leads; the curve of the momentary electrical axe.s calculated 
for each 0.01 second ; and, lastly, a photograph of a three-dimensional 
model eond)ining the euiwe.s for the three planes, and showing the 
frontal and sagittal pro.ieetioms. The photogi*aphs .sIioav, more elearh' 
than a description, tlie difference in directioji and contoiir betAveen the 
course of the eouseeutiA'e atrial axes during tachycardia and during 
sinus rhythm. 

C.ASK 2. — iL. a Avhite Avoman, aged 34 years, John Sealy Hospital 
No. 10902, Avas admitted Aug. 24, 1943. Rheumatic mitral stenosis had 
l)een recognized in 1929, and the diastolic murmur of aortic iusirffi- 
eiency had first appeared in 1940. In spite of frequent periods of 
eomiilete rest iu bed. in the preceding three years she had maintained 
compensation Avith diflicultA'. althougli she had taken a daily ration of 
digitalis leaf. During this time she had shoAA'n atrial flutter and fibril- 
lation, both of AA'hich had been controlled by the use of quinidine. 
At the time of this admis.sion she manifested the usual signs and symp- 
toms of congestive lieart failure. On August 25 sinus rhythm aaxis re- 
coi’ded; on August 27 there Avas a paroxysm of atrial tachycardia 
which Avas terminated by carotid sinus pressure. On September 9 and 
10 atrial fibrillation Avas present ; this w'as replaced spontaneously by 
tachycardia Avith 2 :1 A-V block on September 12. Quinidine in a dose 
of 0.6 Gm. Avas given, and, on September 13, sinus rhythm Avas found. 
On September 14, hoAveA'er, flutter Avas present. From September 25 
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These' examples of the path-way of the consecutive electrical axes in 
eases of atrial flutter show an individual variation which is not sur- 
prising. Any circus movement which is present in such eases might 
be expected to vary from patient to patient. The axes rotate in a 
manner compatible with a circus, and hi each instance return to the 
initial, direction. 

Atrial Fibrillation . — We have analj’-zed tracings taken in three planes 
from six patients with atrial fibrillation. Because of the variation 
from moment to moment of the record of atrial activity, it is obvious 
that tracings obtained in the three planes, imless taken simultaneously 
vdth three instruments, must be tracings that cannot be properly com- 
bined into a three-dimensional figure. The curves plotted from the 
directions of the consecutive atrial axes of some sections often showed 
beautiful circular contours ; curves derived from other segments of the 
same record might be extremely irregular and bizarre. In some in- 
stances one plane might show repeated circles, differing in size and 



Fig. 2. — a and b. Atrial fibrillation in two cases of mitral stenosis. 


shape, while the other planes failed to show this. Fig. 2, a, illustrates 
this possibility. We have combined the tracings in the sagittal and 
frontal planes from a patient with mitral stenosis, realizing, of course, 
that these are not simultaneous tracings in the two planes, but are 
records of two entirely different impulses, taken at different times. 
The sagittal shadow shows a variable circus, whereas the frontal 
shadow is much more irregular and further removed from a circus. 
Thus an irregular circus movement in the atria may yield projections 
upon the three planes of recording which show good agreement with, 
or great deviation from, a circus, depending on the plane in which the 
electrical forces are recorded, or in which the model is viewed. The 
same point is borne out by Fig, 2, b, constructed from the records of 
another patient with rheumatic mitral stenosis. 

Faroxysmal Tachycardia . — The data just depicted show that this pro- 
cedure is capable of revealing the serial change in the direction, of the 
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Fig. 4.- — a. Leads I and III in the frontal plane, and helow the model representing 
the atrial axes, during paroxysmal tachycardia in Case 2. h. Same, during sinus 
rhythm. Cj Case 3 during paroxysmal tachycardia j see text for position of Uie elec- 
trodes. d. Case 3 with sinus rhythm. 
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limb leads showed slight differences during the tachycardia with block, 
when compared to those recorded later. Fig. 5, e and d, .sliows the 
frontal plane electrocardiograms and the three-dimensional models for 
the tachycardia and the sinus rhythm. Although not as marked as 
those in the other ca.se.s, the differences appear definite, and are, we 
believe, enough to support the clmlcal conclu.sion that the tachycardia 
was pi’obably of ectopic origin. 
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Case 3. — ^A. S./a white man, aged 59 years, John Sealy Hospital No. 
79775, was, first admitted on Jan. 26, 1943. During the ensuing nine 
months he had three other admissions, and died Oct. 9, 1943. The 
blood pressure varied little from 200/120; renal insufficiency was pres- 
ent, with chronic uremia. A pericardial friction rub was heard three 
weeks before death. On Sept. 8, 1943, frequent atrial premature beats 
were recorded. On September 15 and 16 paroxysmal atrial tachy- 
cardia, with 2:1 A-Y block, was present; this stopped spontaneously, 
and subsequent tracings showed sinus rhythm. Necropsy showed a 
. greatly enlarged heart (1,000 grams), fibrinous pericarditis, and marked 
renal , arteriolosclerosis. 

Pig. 4, c and d, compares the tracings in the frontal plane and the 
atrial axes during tachycardia and sinus rhythm. The tracing in Pig. 
4, c, was taken with the right arm electrode at the right nipple and 
the left arm electrode on the left nipple. The ti-iaugle thus formed 
in the frontal plane must be viewed from the back, but, for the model 
below, correction has been made to conform with the routine positions. 
The curve in Pig. 4, d, was taken ^vith the electrodes properly placed. 

Case 4. — ^M. J., a Negro , woman, aged 62 years, John Sealy Hospital 
No. 62324, was admitted Jan. 18, 1944. She had been in the hospital 
in 1939. and 1941, both times with congestive heart failure caused by 
hypertensive heart disease. Before this admission her physician had 
given her digitalis leaf in a dose of 0.1 Cm. three times daily for nine 
days. This had caused some decrease in the edema, but had also 
caused nausea, vomiting, and diarrhea. Her first electrocardiogram 
showed atrial tachycardia ; the rate varied from 140 to 158 per minute, 
with aberration and alternation of the QRS complexes, and oeeasioual 
A-Y block with dropped beats. Carotid sinus pressure increased the 
grade of A-Y block. Quinidine was given, and appeared to be respon- 
sible for reversion to sinus rhythm on January 21. Although clinically 
she seemed to be improving, she died suddenly January 23. Necropsy 
showed cardiac enlargement (680 grams), aortic and coronary arterio- 
sclerosis, renal arteriolosclero.sis, and chronic passive congestion. 

Pig. 5, a, shows the tracing in the frontal plane, and the model derived 
as previously described, during the tachycardia ; Pig. 5, h, is from data 
obtained during sinus rhythm. 

Case 5. — Gf. H., a Negro woman, aged 53 yeai-s, John Sealy Hospital 
No. 84222, was admitted Nov. 23, 1943. Three weeks before admission 
she had fainted ; a physician found that she had arterial hypertension, 
and prescribed digitalis tablets, of which she took sixteen in the fol- 
lowing week. At that time she saw another physician, who gave her 
0.6 Gm. of digitalis three times daily for three days. The exact amount 
of digitalis that she had taken was not definitely ascertained, but it 
was obviously too much ; this clearly warranted the diagnosis of digi- 
talis intoxication and adequately explained the severe nausea and vom- 
iting which were present on admission. The blood pressure was 
170/94; there was no evidence of congestive heart failure. The elec- 
trocardiogram on November 24 showed atrial tachycardia; the rate 
was 125 per minute, with partial A-Y block of the AVenekebaeh type. 
On November 26, 2 :1 A-Y block was present. By November 29 sinus 
rhythm had appeared spontaneously. 

Pi'om a clinical standpoint this patient was thought to have parox- 
ysmal, atrial tachycardia with A-Y block of the type which we have 
observed to resuit from digitalis overdosage. The P waves in the 
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largement oi! the pulmunury cciiius imd the riylit atriuui and ventricle. 
The electrueardiograin showed rif?ht axis deviation and evidence of 
right ventricular strain. Home ol>server.'5 felt that they could detect 
tlie diastolic rumble of mitral stanosh iJigitali.s leaf was given in 
0.3 CIm. doses for two days, and O.i dm, daily thereafter; a .satisfactory 
lo.ss of edema resulted. Oti Oct. Hi, paroxy.smai tachycardia de- 
veloped, with an atrial rate of 131) jjcr iiiinute. Three hours later the 
rate was 14t> per minute, and for the following two days stayed at 
about loO per mimile. Fig. <i, a, shou.s tlic ti’acijig of Leads f and Iff 
in the frontal plane, obtained at the .slower rate; fortunately, the P 
waves may be clearly distinguished at this time, althougli later eurves 
at the faster rate illd iu)t permit ihi.s. The patient left the ho.spital 
October 21, and no reeoni during sinn.s rhythm was obtained, ffe died 
suddenlyat home .\’ov. 21. 1943. 

7. — lb IL. a Xegui man. age<l 79 years, Out-jjatient Department 
So. 41908. hue! jnirtJ.sysmal ta<‘hyeardia with A-V block on Aug, 24, 
19-13. Ill* had been under ttb.servatiun and treatment for hypertensive 
heart fiisease since 1930, After an absence of two years he visited the 
Clinic Aug. 17, 1943, with Juarked et>nge.stive heart failure. Digitalis 
leaf in a do.se of 0.3 dm. dally was advised. He returned August 24; 
on this day the elect roejirdiogram shtnved atrial tachycardia with a 
rate averaging lOO per minute, insually with 2:1 A-V block; the grade 
of block was gusitly incrouse<l by carotid sinus pressure. Fig. 6, 6, 
.show.s a strip of Lea<lt> I and ill in the limb leads and in the frontal 
plane. This patient wa.s the tirst one on whom we recorded the chest 
lead.s in three planes, ainl, as in Case 3, we hud not yet .standardized 
the position of the eleetrode.s. Their po.sitiun is such that, as in Case 3, 
the trijingle formed must be viev/ed from the back. Correction has 
been made in the motlel to conform to the other eurves taken in what 
was later found to be the pntper metlual. The eurvo.s in the frontal 
plane were taken with a him .spee<i of 7o mm. i)er .second. This pa- 
tient refused to enter the hospital, and die<i a few day.s later at home. 

U-Uii: S. — K. ,M., u white man, aged 34 yeans. Jolin Sealy Hospital No. 
83393, was admitted Hept, 22. 19-43, with a history of pain in the chest, 
nervousne^s, and weiglit lo.s.s, progre-ssing during the preceding three 
monih.s. There were no signs of congestive heart failure or of hyper- 
thyroidism. I'he blood pressure was 110/80. The electrocardiogram 
showed paro.xysnml atrial tachycardia, ’with an atrial rate of 188 per 
minute. The A-V conduction varied from 1:1 to 3:2 or 2:1 A-T block. 
Deep respiration and carotid sinus pressure increased the grade ot 
block. Tile atrial meeha/iism was not interrupted by quinidine or 
talis admini.stration. The patient was relieved of his symptoms by 
digitalization, which produced a fairly constant block ivith a slo'w 
ventricular rate, tie <liod suddenlv at "home Xov. 24, 1943. Fig. 6, c, 
shows a strip of Lead.s 1 and Ilf, taken in the sagittal and frontal 
planes on Get. 20, 1943. Deside them is a three-dimensional model 
con.strneted from tlie data obtained from the curves for the three 
planes. This curve is exceptional in that, instead of passing down and 
to the right, as has been usual in the other eases of paroxysmal tachy- 
cardia, it curves up, backward, and to the left. 

The characteristic feature of the curves derived during flutter aud 
fibrillation is that the axes return to their initial direction, with cyclic 
repetition. In contrast, the eurve.s obtained during paroxysmal taehy- 
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Case (5. — 0. J., a Negro man, aged 50 years, John Sealy Hospital No. 
83208, was admitted Sept. 8, 1943, with congestive heart failure. He 
had had bronchial asthma since childhood. The exact anatomic car- 
diac diagnosis was uncertain. The abnormalities on examination in- 
cluded pulmonary emphysema; a basal diastolic murmur, loudest in 
the second left intercostal space; and roentgenologic evidence of en- 




Fig. G. — ^^Vxes during paroxysmal tachycardia, a. Leads I and III in the frontal 
plane, with the model of tlie atrial axes in Case 6, h. Case 7 ; limb Leads I and III 
above, witlr frontal plane Leads I and III at film speed of 75 mm. per second, below. 
Model on right, c. Case 8 ; Leads I and HI of sagittal plane above, and frontal plane 
below, with photograph of model. 
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tnchyi-ardi.'i, tlu‘ Viij^us Jiiay t-ausa A-V hldi-k or iiK-rcaht* ifs dc^rea, 
and may .slow or sto]) tin* paroxysm. IJarkar, el al., iiave attrilmfed 
ihc hio\viu<i ami frmiuenl interruption oT atrial taehycardia whieh 
results from reflex va^ai stimulation to dej)ressiou of eouductiou of a 
eireus movement as it jj.isses throuiili nodal tissue, 'I’liis, of eourse, i.s 
entirely eomp.ilihle with what is well knosvu about va»ral effeets on 
A-\' nodal tissue, allhouuh it dues not take into aecount the oeeasional 
{)i-eeipitati<»n of a paroxysm by ai-etyh/i-methyleholiue or by vagus 
stimulation. “ .Many ease.s of persistent paroxysmal taehyeardia in 
which the A-V .junetional tis.sue was depre.s^etl enough to produce .some 
grade td* A-V block have been reported. Of the eight eases studied 
aljove, in all except (’ase G there was A-V block, 'riierc i.s, unfor- 
tunately, a ilearth of iuformati»tn about the action of the vagus, or of 
drug.s, upon the rate of stimulus formalioii in the atrial muscle, but it 
seem.s re.t.souable to sup[)ose (hat vMual stimulation may inhibit rliythm- 
ieity in an eetoifie focus in a fashion similar to its efi’eet commonly ob- 
served clinically on the rhytbmieity of the .S-A node, A-V node, and 
intervening tissues. 'I'his is borne out hy the study of isolated atrial 
musele .strips made leeeiitly i»y llialt and Oarrey,’* whieh .showed 
defiuile depres.sinu l)y aeetyleholine of imimlse itiitiation in the muscle. 

The effects of the vagus on condueliou in tlie atrial muscle probably 
do not need to be eoiisidered as bearing on this question. \'agal stimu- 
lation. is wilimut effeet on atrial eonduetioii at ordinary rates; it does, 
however, facilitate eouductiou by ledueiiur the refractory ])eriod of the 
atrial muscle when this ha.s heeii prolonged by such factors as cold, eom- 
pre.ssion, fatigue, ano.xemi.i, or rates above 300 per minute.’'' The higher 
atrial rates of lUitier ami fibrillation would lead us to expect a vagal 
facdlitatiou of conduction through the i)athways of the atrial ituisele. 
MTien ovciiligitali/atiou is a factor in producing the tachycardia, the 
refractory period will have l)eeu shortened by the drug."’ 

The eoutrudietory implications of the occasional precipitation oi 
paroxy.sm.s by digitalis, acetyl-/?-methy]cho)ine, and vagus slimuJatiuu. 
on the one hand, and l)y atropine, epinephrine, or vagus disease, de- 
generation, or inhibition, on the other hand,’" cannot be e.xplained in 
the light of our present knowled<re of atrial mu.selo physiology. 

Both quinidiue and digitalis slow or stop paroxysmal taehyeardia; 
botli delay eouductiou in the A-V nodal tissue. Quinidiue exerts this 
effect oil couduetion in the atrial mu-sele by raisiug the threshold to 
stiiunlatum. according to Wedd, Blair, and Gosseliii;’* it also dimiii- 
i.shes the rhythmieity of mu.scle strips."’ Wedd, Blair, and Dwyer-" 
have also shomi that digitalis siow's the rate of impulse formation, 
without change in threshold, in atrial muscle strips. Ileuee the effects 
of both of these drugs on paroxy.sinal taehycardia are compatible w'ith 
their having acted upon an ectopic focus. The action of digitalis upon 
atrial muscle, or upon foci in the muscle, is not sufficiently clear to 
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cardia are, in general, like those obtained in sinns rhythm; most of 
them pass down and to the right, usually forward, occasionally back- 
ward; in one instance the curve moved up, backward, and to the left. 
In no instance was there any tendency for the curves to return to their 
original direction. 

DISCUSSION 

For the reasons that we have previously cited, we had anticipated 
that the curves derived during paroxysmal tachycardia would re- 
semble those in flutter or fibrillation. Since we have failed to dem- 
onstrate this similarity, it seems necessary to consider carefully two 
possibilities, namely, (1) that the evidence which seems to support the 
likelihood of a circus movement may be viewed in such a light that 
it is compatible also with the existence instead of an ectopic pace- 
maker, and (2) that a circus movement may still pass through one of 
the nodes, but that only that portion involving the atrial muscle is 
perceptible electrocardiographically. 

The limb leads do not give a strictl}’- frontal plane projection, and 
the axes for the frontal plane cannot be approximated from the limb 
leads. This is probably because of the fact, which Schellong^^ has 
pointed out, that the arms and legs are not attached to the body at 
points in a plane, but are rather connected through large surfaces. 
Hence the electrical forces measured by the limb leads are derived not 
from the frontal plane alone, but from all the planes parallel to the 
frontal, and consequently are influenced by the projection on the 
sagittal, as well as the frontal, plane. For this reason the electrical 
axes apparent in the limb leads do not coincide Avith those of a planar 
projection, and conclusions based on that assumption are open to ques- 
tion. The axes estimated from the limb leads in the above cases Aver.e 
straight down, or slightly to the left and down, in five of the eight 
cases. In the other three the axes pointed up and to the left. In one 
of these, Case 8, the axis from the limb leads agreed roughly with part 
of the frontal plane projection of the three-dimensional momentary 
axis. This Avas the only instance of such agreement. 

Of this small group of, patients Avith paroxysmal tachycardia, seven 
fell into the type Avith A-V block Avhich Ave have previously discussed.^ 
They, further bear out the conclusions previously draAvn, namely, that 
inyocardial disease and digitalis medication are important factors pre- 
disposing to this disturbance of cardiac mechanism, flhey shoAv the 
marked irregularity of atrial rate also previously noted. We may note 
again the alternation of the P-P cycle length, Avith prolongation of the 
blocked cycle. We have attributed this to reflex vagal inhibition of 
the ectopic site of impulse formation, in a manner analogous to that 
Avhieh has been carefully analyzed by Ashman and Gonaux^“ in a pa- 
tient Avith complete heart block. 

Vagal stimulation increases the degree of A-\ block in flutter and 
fibrillation, and may slightly increase the atrial rate ; in paroxysmal 
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made during dutter, also, in each iiislance, exhibit u hiatus opposite to 
a long, relatively straight limb; the latter may perhaps correspond to 
that time during which Lewis found little change in the <lirection of 
the axis, and which he could not satisfactorily trace in the actual path- 
way of the experimental cases, namely, the time when the impulse was 
l)assing posteriorly alojig the area of the entrance of tlie great veins 
into the atria. 

As a distinct contrast, we have prc.sented’' the curves illustr.ating the 
momentary shifts in the atrial electrical axes in per.sons with normal 
sinus rhythm, both normal and abnormal w'ith respect to the position 
or size of the atria, or to the stntiis of the atrial musculature. These 
curve.s often show large curvature, hut fail to show' any tendency to 
point finally in their origimil direction. 

It is with these two large groups of ca.ses, namely, sinus rhythm and 
a pre.sumcd eireus movement, that we w’i.sh to compare the curves ob- 
tained from patients with j)aroxy.smal atrial tachycardia. .Most of the 
latter group show' curves wi)ieh clearly resemble those obtained during 
sinus rhythm, with the exception of their dii-eetion, which is usually 
dow'u and to the right. 'I'hey re.seml)le in some instances the curves 
from patients with doxtropo.sition of the heart; in other instances, 
curves from patients with mitral .stenosis. Those w'hieh .show’ large 
curvature still fail to manifest any tendency to repeat themselves, or 
to point finally in their original direction; nor is the degi-ee of curva- 
ture greater than that wdiich sometimes occurs w'ith sinus rhythm, e.g., 
Case 1 or 2 during sinus rhythm. 

"We imust admit the i)ossil)i!ity that a eireus movement residing 
chiefly in the nodal tis.sues might not he detected by our methods; w'c 
have pointed out, however, the virtual impossii>iIity of such a eireus in 
the A-Y node in eases of tachycardia with A-V block, a view which 
Barker, et al., share. A circus clscwhcis' probably woidd be easily 
visualized by our method, although Lewis long ago pointed out that 
tlie atrial muscle did not afford enough room for a eireus movement 
as slow as most paroxysms of tachycardia, at accepted rates of con- 
duction.-^ The fact that these curves in paroxysmal tachycardia show- 
no resemblance to those found in flutter or fibrillation, but are similar 
to tho.se obtained during sinus rhythm, suggests to us that paroxysmal 
tachyeardia is i)robably the result of the existence of an ectopic site of 
impulse formation, rather than of a circus movement. These curves • 
may be modified, as are those of sinus rhythm, by the size and position 
of the atria and the status of the atrial muscle as a conducting medium, 
as well as by the site of origin of the exciting stinudus. 

.SUAIAI.VRY 

Curves representing tlie consecutive atiaal electrical axes for each 0.01 
second have been derived for the frontal, horizontal, and sagittal planes 
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explain why digitalis should be the not infrequent cause of 23‘iToxys- 
mal tachycardia, at least of the variety associated with A-V block. Its 
action upon the A-A^ conduction tissue is much better understood,"^ but 
none of its known effects at this t^oint can explain whj' it causes 
paroxysms. 

It might seem possible for paroxysmal tachycardia to be caused by 
a circus movement which passed through only a small part of the 
atrium, with the major portion of its pathAvay in the ramifications of 
the A-A^ junctional tissue, which may be Amry extensive, according to 
Kung and Alobitz-- and Danielopohi and Proca.-'’ These tissues are 
JviioAA'n to be most susceptible to those infiuences Avhieh depress con- 
duction.-^ The iiersistence' of such a circus in the presence of A-A^ 
block A\muld require the assumption of selective block im'-olving the 
fibers forming the A-A^ connection, but Avithout block in the higher 
fibers. Nearly all tracings of paroxysmal tachycardia shoAv some pro- 
longation of the A-A' conduction time. Occasionally, one AAuth an un- 
usually sloAv atrial rate will not ; on the other hand, block as high as 
6 :1 has been recorded Avithout interruption of the paroxysm.^ Under 
these circumstanees it does not seem justifiable to assume that a circus 
mechanism passes unhindered, at a rapid rate, through these highly 
susceptible tissues. 

The S-A node is less easily subjected to study than is' the A-A’’ node, 
and there is far less information available about conduction through it. 
LeAvis-" has regarded this general area as part of the patliAvay of the 
circus moAmment Avhich he has postulated as the cause ol atrial fiutter; 
his actual measurements in experimental flutter-"' included the “S-A 
nodal region,” and shoAved no delay at this point in the passage of the 
impulse along its circular pathAvay. If the circus movement postulated 
for paroxysmal tachycardia includes an area comparable to LbaaTs’ 
“S-A nodal region,” it should be as readily demonstrable by our 
method as Avas the circus mechanism of atrial flutter in man by LeAvis. 
This, of course, does not entirely exclude the possibility that the path- 
Avay includes nodal tissue Avhose electrical activity is presumably not 
measurable. 

The data presented above are intended to put these questions to the 
test. Those presented in connection Avith atrial flutter and fibrillation 
are no different fundamentally from those of LeAvis, although Ave have 
pictured them someAvhat differently. They appear to support the idea 
that a circus moAmmeiit may be present in these disturbances, although 
they offer no conclusive proof on tins point. AA^e have employed them 
merely for the ]purpose of shoAving Avhat a presumed circus movement 
looks like Avhen studied by this method. The characteristic feature of 
these figures is that, after a variable course, the axes return finally to 
their initial direction, and repeatedly inscribe a pathA\ay AA'hich con- 
tinues to conform to the general contour of a circus patliAvay. Those 
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front patients Antli atrial flutter, atrial fibrillation, and paroxysmal 
tachycardia, and three-dimensional models, have been constructed. 

The clinical experimental results of Lewis, Drury, and Ilieseu have 
been reproduced and extended in flutter and fibrillation. 

The same procedure has been applied in eight cases of paroxA’^smal 
tachycardia. The t^De of curve in this disturbance of atrial mechanism 
has been found to resemble that obtained during sinus rhythm ; it differs 
only in direction. The characteristic features of flutter and fibrillation 
are not present. This fails to support the idea that a, circus movement 
is present in paroxysmal tachycardia, and although the possibility of a 
circus involving the S-A node is not finally excluded, we believe that the 
weight of the evidence points to the existence of an ectopic site of im- 
pulse generation. 

The available information on the physiology and pharmacology of the 
atrial hiusculature and nodal tissues has been reconsidered insofar as it 
bears on the behavior of paroxysmal tachycardia, and the view that in it 
an ectopic pacemaker may be operative: 
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TPIE ANGINAL SYNDRO^ME AS A MANIFESTATION OP 
HYPERACTIVITY OF THE CAROTID SINUS 

Major M^eyer Friedman, il.C., Army of the United States 

QINCE the excellent clinical studies of Weiss and his associates,^- - 
^ there have been many reports concerning hyperactivity of the 
carotid, sinus. Many of these articles siiggest that this interesting 
condition nniy be caused by, or at least be associated with, various 
pathologic states, such as arteriosclerotic heart disease,^ hypertension,* 
biliary tract disease,^ and cervical lyniphadenopathy.® It has also 
been observed in eases of vegetative neurosis and digitalis intoxica- 
tion." ^ In all of these conditions, the type of hyperactivity is vasovagal. 

Although the diseases and drug intoxication listed above may make 
their presence first luiown by the manifestations of hyperactivity of the 
carotid sinus, it is also possible that the latter may in itself simulate a 
functional or organic disease. Thus, the carotid sinus syndrome with 
syncope may be confused with epilepsy, postural hypotension with 
collapse, the hyperventilation syndrome, or even with gastroenteritis.® 
I wish to report two cases in which the manifestations of hyperactivity 
of the carotid sinus simulated angina pectoris. 

case reports 

Case 1. — A medical officer, aged 35 years, was admitted to Tripier 
General Hospital Sept. 24, 1943. His complaint was of precordial pain 
beginning in the substernal area and radiating to the left hemithorax 
and slioulder. 

The patient’s past and family history was negative for cardiovascular 
disease. 

The present illness began in February, 1943, at wliich time the patient 
began to experience sharp, pressing pain in the left hemithorax during 
periods of emotional tension. The pain, at the beginning, was only of 
several minutes’ duration and seldom severe enough to be incapacitating. 

On June 20, 1943, however, while carrying a heavy box a very short 
distance, the patient felt weak and dizzy, perspired very freely, and 
experienced a crushing sort of substernal pain which radiated to the 
left shoulder and upper part of the left arm. The pain disappeared 
within several minutes. Again on July 12, 1943, after a day of moder- 
ate activity, while walking on level ground and after experiencing the 
same symptoms as described immediately above, he fell to the ground, 
unconscious. A fellow medical officer, who was with him at the time 
of his syncope, stated that the iiatient’s pulse could not be felt and 
that the skin became pale, cold, and clammy. He recovered conscious- 
ness' within twenty seconds, but the jiain in the chest and^ shoulder 
persisted for several .more minutes. A similar attack, this time with- 
out syncope, occurred on August 9 as he was walking to his quarters, 
but he stopped, inhaled a pearl of amyl nitrite, and obtained immedi- 


Received for publication Feb. 29, 1944. 

37 


















39 


FRDSDMAN: .USTGIN^VL SYNDROME AND CAROTID SINUS 

ateate relief. On Aug. 21, 1943, the patient stooped over to place a 
golx ball, upon a' tee, and, while doing so, experienced extreme dizzi- 
ness, weakness, and precordial pain with radiation to the shoulder and 
left arm. When he straightened up the symptoms immediately dis- 
appeared, and he was able to continue his game without further symp- 
toms, despite the hilliness of the course. After this attack he had 
almost daily attacks of dizziness and anginal pain. He believed that 
he might be suit' ering from coronary arteiy disease with angina 
pectoris. 

The patient was emphatic in declaring that exercise and exertion did 
not precipitate his anginal syndrome, but he admitted that sudden move- 
ments of his head frequently preceded the symptoms, although he had 
never before thought of the two phenomena as bemg related. 

The patient was a well-developed person of healthy appearance. 
Other than dermatographia, excessive perspiration, easily produced 
urticaria (mechanical), and the reaction to massage of the right carotid 
. sinus area, physical examination was negative. When massage was done, 
he became pale, perspired very freely, complained of dizziness and sub- 
sternal pain, lost consciousness, and had several localized, clonic con- 
vulsions of the upper extremities. His blood pressure, which was 120/70 
before massage, fell so low soon after the sinus wms stimulated that it 
could not be measured. Concomitant with the fall in blood pressure, 
the heart rate slowed from 76 beats per minute to complete asystole soon 
after tlie onset of syncope. It w’as observed that the patient experienced 
his dizziness and precordial pain before the vasovagal effects occurred, 
and that sjmeope did not take place until the vasovagal effects became 
profound. The test was performed repeatedly and the same syndrome 
resulted almost invariably. An electrocardiogram taken during one such 
test show'ed complete asystole as the patient lost consciousness. The 
patient stated that the syndrome produced by carotid sinus massage was 
identical with that w^hich he had had prior to his admission to the 
hospital. 

While in the hospital, the patient went through various strenuous 
exercise tests (climbing stairs, running, jumping) which he did without 
abnormal symptoms or signs referable to his cardiovascular system. 
Electrocardiograms (Fig. 1) were taken before and immediately after 
the performance of. very strenuous exercise. Both were normal and 
quite similar to each other. The basal metabolic rate was normal, and 
roentgenologic studies of the heart, urinalysis, examination of the blood, 
and serologic reactions show-ed nothing abnormal. 

The patient wms transferred to another hospital for further definitive 
treatment. 

Case 2. — A 21-year-old soldier wms admitted to Tripler General Hos- 
pital Oct. 10, 1948. His complaint was of precordial pain beginning just 
lateral to the sternum and radiating to the left shoulder and left arm. 

The patient’s past and family history was negative for evidence of 

His illness began iii 1937, at which time, wdiile dancing, he suddenly 
became dizzy and was seized by a dull but intense pain in the left hemi- 
thorax which radiated to the left shoulder and arm. He immediately 
ceased dancing and the pain disappeared within several minutes. There- 
after he continued to have these attaclis of dizziness and precordial pain, 
and, immediate^ prior to his hospital admission, he was having them 
every two or three days. He had observed that, although exercise did 
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disease. Both patients also denied tliut strenon.s exertion or lieavy work 
induced attacks, /ilthougli both were able to recollect that abrupt move- 
ments of the head might initiate the syndrome, an observation which 
in itself strongly suggests the i)re.senoe of carotid sinus hypei’sensitivity. 
The frequent oeeuri’enee of .syncope, with complete and instantaneous 
recovery, further indicated the true naiure of their anginal syndrome. 
In coronary artery di.seu.se with angina pectoris, syncope rarely occurs 
unless profound changes liave tak(*n place in the heart itself — changes 
which will ijroduce sign.s and .symptoms which are not evanescent or of 
several minutes’ duration as were those in our cases. 

Beside.s the differentiation allowed i>y tiic facts culled from the his- 
tories of these two patients, the physical cxainination further clarified 
the diagnosis. The discovery that the carotid sinus was hypei'sensitive, 
and the reproduction of the .syndrome from which tliey .suffered prior 
to admi.ssion by stimulation of the .sensitive sinus pointed to the true 
cause of the difficulty. The negative evidence for cardiovascular dis- 
ease afforded by tlic elect rocardiogram, the roentgenogram, the exercise 
test.s, and other laborjitory data further .secured the diagnosis of carotid 
sinus .syndrome. 

Tho conver.se of the i)re.sent .syndrome has been reported by Siglei-^ 
to occur in eases of proved organic heart disease, naniely, that hypei’- 
aetivity of the carotid sinus mechanism frcciuently may be found in 
arteriosclerotic heart disea.se. He further de.scrihes this carotid sinus 
syndrome as eardio-inhihitory in nature. If tliis is true, the po.ssibility 
of hyperactivity of the carotid sinus must be kept in mind not only as 
a xu'oeess initiated by a diseased heart, but also as a proce.ss which in 
itself may simulate the .symptoms arising from disease of the heart. 
Tlie evaluation of any history of vertigo, anginal i)ain, and syncope 
must be doubly cautious if error is to be avoided. But if the history 
is not typical of coronary arteiy disease; if there have been attacks of 
vertigo and syncope; if this histoiy is coujiled with the presence of 
lyperaetivity of the carotid sinus, which, on stimulation, reproduces 
the patient’s .symptoms (particularly with no vasovagal changes); and 
if there are no organic, functional, or laboratory indications of cardio- 
vascular disease, even on severe exertion, it would be most unfair to 
the patient to tell him that he had organic heart disease. It would be 
more expedient to hold such a diagnosis in abeyance until objective 
.signs of organic heart disease make their appearance — a phenomenon 
which pi’obably will not occur in such cases. 

SUAIMARY 

1. Two eases of carotid sinus syndrome are reported in which anginal 
pain, similar to that associated with cardiac ischemia, occurred as a 
manifestation of hyperactivity of the carotid sinus. 
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not induce an attack, sudden movements of his head might easily - pro- 
voke one. Consequently, he made it a point to turn his head slowly and 
not to bend over rapidly to tie his shoe laces; otherwise, he would be- 
come dizzy and have the anginal pain. He fainted several times on such 
occasions, but always recovered consciousness within ten to fifteen sec- 
onds and had no apparent sequelae. On admission, the patient was con- 
vinced that he had serious heart disease. 

The patient was poorly developed; his state of nutrition was fair, but 
he exhibited signs of profound anxietj''. The remainder of the physical 
examination was completel}' negative except that the right carotid sinus 
was hypersensitive. When the latter was massaged with the patient in 
the sitting position, he began to complain of dizziness and anginal pain 
identical •with that which he experienced before admission to the hos- 
pital. When the massage was continued, the patient lapsed into syncope. 
Unlike Case 1, however, no .significant vasovagal effects followed massage, 
either before, during, or after syncope. Thus, the heart rate and blood 
pressure: were 80 per minute and 110/80, respectively, before sinus mas- 
sage, and, as he became unconscious, the heart rate and blood pressure 
were 74 per minute and 120/75, respeetivelj'-, with little change during 
syncope or immediately afterwards. The test was repeated many times 
and the same syndrome invariably occurred. One milligram of atropine, 
administered parenterally, did not prevent induction of the syndrome. 

This patient, also, was made to take various exercise tests (climbing 
steps, running, jumping), but he never experienced dizziness, anginal 
pain, or any other abnormal cardiovascular symptom during or imme- 
diately after the performance of such tests. The electrocardiogram 
(Pig. 2) was normal both before and after exercise. The sedimentation 
rate and basal metabolic rate were normal. Roentgenologic studies of 
the heart, urinalysis, examination of the blood, and serologic reactions 
were negative. 

The patient was transferred to another hospital for further treatment. 

DISCUSSION 

The occurrence of precordial pain, dyspnea, and collapse strongly 
suggests the possibility of coronary artery disease. It is noteworthy 
that one of our patients, himself a physician, believed that he might be 
suffering from eoronaiy arteiy disease -with angina pectoris, and had 
taken amyl nitrite for relief. Thus, any syndrome arising from an ex- 
tracardiac source which produces symptoms similar to those frequently 
associated -with cardiac ischemia or infarct may prove difficult to differ- 
entiate from a syndrome caused by organic heart disease. This becomes 
understandable when one remembers that, in many cases, the diagnosis 
of coronary artery disease'^ may be made only by the history obtained 
from the patient. 

In the histories of the two patients reported herein, however, certain 
facts were elicited which clearly indicated the essential nature of the 
disorder, allowing differentiation from the syndrome of angina pectoris 
associated with coronary artery disease. Thus, both patients empha- 
sized the frequent occurrence of vertigo preceding the anginal pain, 
which is not commonly seen in patients suffering uuth coronary arterj 



PHYSIOLOGIC EFFECTS OF CAPBON DIOXIDE WATER 
BATHS ON ALVEOLAR CARB{JN DIOXIDE TENSION, 
SKIN TE31PERATURE, AND RESPIRATORY 
METABOLISM 


Waltek S. McCekli.an, .M.D., IMilton' A. Lihseek, M.S,, and 

Ar.ioE T. Douein' 

SAitA'i'oc.A Seuixo.s, N, y . 


tNTuoDi.urrJox 

I N STUDYING the iii/lueJice oi t-arhon J/oxide iJiiueral water bathx on 
the eireiilation, ob.servation.s on tiie ehaniios in alveolar carbon dioxide 
tension, skin temperature, ami resj)iratory metalmlism have been made. 
The results indicate that detinile increases occur in the alveolar carbon 
dioxide tension and in the amount of carbon dioxide eliminated through 
the. lungs wlien the sub.ieet is .submerged in the natural carbon dioxide 
mineral waters. The.se ehaimes do not appear wlien the .same .subject is 
expo.sed to plain water. 


i'KOc;KnuKr:.s 

A. Alveolar Carbon Dioxide, Tension . — A s])ecial experimental room 
was equipped to carry out the.se observation.s. It contained a large tub 
(200 gallons), into which hot or cold walei-, carbon dioxide mineral 
water, or plain water could be drawn. Over this tub a .sponge-rabber- 
covered stretcher was sus[)endcd. Tlie stretcher wa.s fitted with a foot- 
rest, an adjustable reclining hack, ;ukI a headrest, enabling the patient 
to rest comfortably in a semireclining position during the entire obser- 
vation. A pulley arrangement made it iio.ssihle for the operator to 
lower tile stretcher and patient into the tub and take him out again 
without any effort or motion on the part of the patient (Fig. 1). Dux’- 
ing the entire experimental ixeriod, the patient’s mouth and nose wei’e 
covered with a rubber mask with an inllated edge. This was connected 
to a set of flutter valves by means of kink-proof tube.s (as shown in Pig. 
1), and allowed the patient to breathe outdoor air. The mask was 
removed only for the few seconds necessary to obtxiin the alveolar 
sample by means of the IIendci‘son-]Mori-is.s tube.^ 

The experiment.s were conducted from 9 to 10 A.ii., about one and 
one-half houi-s after the patient had had a standard breakfast. He was 
allowed to rest for twenty minutes with the face mask attached. During 
this period, the bath, either of carbon dioxide or plain watei’, was dra^vn 
at 35° C. (95° P.). The carbon dioxide baths were prepared Avith the 
natural nxineral water from the Lincoln Springs in the manner used in 
regular mineral water baths at The Saratoga Spa. They contained a 
supersaturation of 30 to 34 jier cent carbon dioxide by volume. 

From the iledical Department of The Saratoga Spa, Saratoga Springs, N. Y. 

These studies were .supported in part through funds administered by Uie New 
York State Department of Health. 
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2. Stimulation of the h 3 ’peractive carotid sinus reproduced the angi- 
nal sjmdrome in both cases. 

3. The differentiation of anginal pain associated with the carotid sinus 
syndrome from that associated with cardiac ischemia secondaiy to coro- 
uaiy arteiy disease is discussed. 
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Table X 

TYI'ICAL Puotocoi. 


-E>a'EniMENr 9 


TIME 

(A.M.) 

I'liOCKBOflE 

TOTAL Nt!,MliEK 

Oi' MI.N'UTES 

7:30 

Standard Breakfast 

Tomato juice 

2 slices of buttered toast 

1 cup of coffee with cream and sugar 


S;30to0:07 

Rest period on cot in experimental room 

37 

9:0S 

Patient transfers from cot to stretclier sus- 
pended over tub 


9:10 

Mask attached over nose and mouth of 

1 patient 

5 

9:12 

CarV)on dioxide mineral bath dr:i\vn 

s 

9:15 

Washing out of dead .sp;u:e in Tis.sot ma- 
cliiiie t 

3 

9: IS 

Tissot emptied and spirometer set at zero 

1 

9:19 

9:21 

Base run .started 

Base run ended 

5 

9:24 to9:2G 

Gas volume and tenipenilure reading of 
base run 

2 

9:26 

Stretcher with patient lowered into a 35° 
C. mineral water b:ith cont:iiuing 34 per 
cent supersaturatioii of carbon dioxide 
by volume 


9:26 to 9:29 

Two onc-minute washouts of machine 

i 3 

9:30 

9:35 

Second test started 
(Procedure aame as b:isc run) 

Second test ended 

5 

9:35 to 9:37 ( 

Gas volume and temperature reading 

2 

9:37 ’ 

Two one-minute washouts of machine 
(Procedure,? same as base run) 

3 

9:40 i 

9:45 

Third test started 
(Procedure same as base run) 

Third test completed 

5 

9:45 

Stretcher and patient raised out of the tub. 
Patient dried with towels without rub- 
bing, and covered with a warm sheet and 
ligiit blanket. Ten-minute rest with 
mask still attached 

10 

9:55 

Two one- minute washouts of machine 

3 

9:59 

10:04 

Fourth and last test started 

Last tc.st completed 

5 


B. Skin Teniperatiires. — Foi- the study of changes in skin tempera- 
ture, observations were made at four different temperature levels, 
namely, 29.4° C. (85° F.), 32.2° C. (90° F.), 35° 0. (95° F.), and 
37.8° C. (100° F.). No changes occurred in the bath temperatures dur- 
ing the periods of observation. The baths were given from 9 to 10 a.m., 
after the patient had had a standard breald'ast. Two series of baths 
were made at each temperature level, on each subject, usually on suc- 
cessive days^ On the starting day of a series the plain water bath was 
given first, followed by the carbon dioxide water bath, and, on the next 
day, the order of the baths was reversed. Eighty bath series were 
given to six men who were physically normal. The patient was im- 
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After the rest period, when pulse and respiration had reached a con- 
stant level, the base alveolar sample was taken. The patient was lowered 
into a 3o C. mineral water or plain water bath, and alveolar samples 
were taken at the fourth, eighth, twelfth, and sixteenth minutes. Then 
the patient was raised from the bath, dried, covered, and allowed to 
rest (still attached to the mask). Alveolar samples were taken ten and 
twenty minutes after the batli. The same procedure was used in the 
bath series mth the patient breathing room air except that the inhale 
valve of the mask was not attached to the outdoor air inlet. This al- 
lowed the patient to breathe the air aliove the tub. 

The samples of room air, outdoor air, and alveolar air were collected 
in mercury-evacuated Bailey sampling bottles." All samples were ana- 
lyzed for carbon dioxide in duplicate in a Haldane-Bbothby-Sandiford 
gas analysis apparatus, with an accuracy of ± .01 per cent, and duplicate 
analyses had to cheek -withm these limits. Complete analyses of outdoor 



Fig- 1. Plan of experimental setup. The experimental tub has pipe connections for 

both hot and cold, plain and mineral, water. The stretcher is suspended over the tub 
with a mechanical device for lowering and raising the stretcher and patient into and 
out of the bath without any effort on the part of the patient. It shows the air cpn- 
nections from outside to the mask, so that the patient may breathe outside air during 
the entire observation. 

air were made from time to time to check on the accuracy of the ma- 
chine and to make sure that tlie patient was breathing air vdth .03 to 
.04 per cent carbon dioxide. The room temperature was recorded, and 
ranged from 25° C. to 30° C., but did not vpy more than 0.5° C. during 
any experimental period. Barometric readings were taken, and the car- 
bon dioxide tensions were calculated by means of the formula 

Pco, - (B-W) 

Pcoo == Carbon dioxide pressui-e in millimeters of mercury at 
■ ' . 38° C. 

C === Percentage of carbon dioxide in alveolar sample 
B = Eeeorded barometric pressure in millimeters of mercury 
W = Pressure in millimeters of mercury of water at 38° C. 
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studied in a bath of plain water to which 5 pounds of sodium chloride 
and 5 pounds of sodium bicarbonate wore added in order to simulate 
the mineral content of tlie natural mineral water without the carbon 
dioxide. 

The personal data rcgardinj? the fifteen subjects used in these studies 
are pre.scnted in Table II. Reference to individual observations will be 
made by the Tiumbers indicated in tliis table. 

EXman.MENTAE D.vrA 

A. Alveolar Carbon- Dioxide Tension . — A seric.s of tests were car- 
ried out to ascertain the concentration of carbon dioxide gas in the 
air above the tub. The averages of these data are presented in Tables 
m and IV. 

AYe found by measurement that the patient’s nose and mouth were 
about 3 inches above the top of the tub. and four expernneiits were 
made to ascertain the effect of time on the carbon dioxide gas concen- 
tration above tlie bath at this leveh 

These data made it evident that the patient mu.st breathe outdoor 
air in order to study carbon dioxide absorption from the bath. This 
was accompli.shed by attaching the patient to the mask and valves as 
already described (Fig. 1). Analyses of the air that the patient was 
breathing while attached to this setup never showed more than 0.04 
per cent carbon dioxide, and agreed with Carpenter ’s'* observations 
as to the constancy of the outdoor air. 

Sixty-two experimental baths at 35° C. were given to seven different 
male subjects. Two men had less than 85 per cent of normal vital 
capacity, but showed the same type of re.sults as those subjects with 
normal vital capacity. These two showed greater variability in re- 
sults than the other subjects. 

Since only one experimental run was made each day, ditferences in 
the physiologic state of the subject were indicated by variations of 
alveolar carbon dioxide tension at the end of the initial rest period. 


T-\ble III 

35° C.— Carbox Dioxide W.vteb B-mi* — ^Witii .\xd AVitiioct P.vtiext 




3 IXCIIES 

6 IXCHES 

12 IXCIIES 


TOP OP TUB 

ABOVE TOP 

ABOVE TOP 

.VBOVE TOP 

No patient 

•1.28t 

.54 

.55 

.55 

Patient in tub 

— 

2.26 

1.84 

1.S2 


•Samples were taken as soon a.s bath was Orawn. 
tPercentage of carbon dioxide. 


Table iV 

35° C. — Cakbox Dioxide AVateb Bath* — P.vtiext rx Tub 



.START i 

3 MIX. i 

6 MIX. 

9 MIX. 

12 MIX. 

16 MIX. 

Patient 
in tub 

2.44t 

1.34 

1.01 

.65 

.68 

.56 


•Average of samples t.aken at height of p.atienf.s no.se. 
tPercentage of carbon dioxide. 
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T^VBLE II 

PERSo^’AL Data— Experiiiental Subjects 


XU3IBER 

XAilE 

SEX 

AGE 

(YR.) 

WEIGHT 

(LB.) 

1 

W. G. 


64 

172 

2 

C.E. 

M 

• 50 

ISO 

3 

W. M. 

U 

46 

• 175 

4 

A. D. 


43 

215 

5 

C. G. 

M 

19 • 

155 

6 

E. V. 

M 

45 

136 

7 

D. B. 

F 

25 

125 

8 

J. C. 

•M 

29 

137 

9 

T. A. 

M 

40 

156 

10 

G. D. 

M 

37 

133 

11 

H. F. 

F 

36 

200 

12 

E. D. . 

M 

29 

130 

13 

Q. C. 

AT ' 

22 

128 

14 

L. P. 

il 

25 

140 

15 

J. S. 

AE 

18 

128 


mersed to shoulder level iu a carbon dioxide or plain water bath at the 
given temperature. Each minute he put either his right or left foot on 
a small platform fastened to the side of the tub, and the toe and instep 
were immediately blotted dry with absorbent paper. Sldn temperature 
readings (using' the Taylor dermatherm) were taken of each foot on 
alternating minutes during the sixteen-minute bath. The thermocouple 
was applied to the great toe and instep of each foot, and both readings 
were completed within fifteen seconds. Between the baths, the patient 
reclined on a couch in the experimental room. The room temperature 
was recorded, and ranged from 27° C. to 35° C., but did not vary more 
than 1° C. during any experimental period. These observations were 
made during June, July, and August, which accounts for the occa.sion- 
ally high room temperatui es in the series. 

C. Eespiratonj Metaholism. — For the study of the respiratory me- 
tabolism a Tissot spirometer was used to collect the expired air of pa- 
tients for four separate periods. The first, or base period sample, was 
taken with the patient resting on the stretcher over the tub, the second 
and third period collections were made with the patient in the ba^, 
and the fourth period sample was taken ten to fifteen minutes after the 
patient was removed from the bath but while he was still resting on the 
stretcher. Expired air was collected in a Tissot spirometer for the 
studv of respiratory metabolism, as described by Bailey.- Samples of 
the expired air were analyzed in a Haldane-Boothby-Sandiford J^^achme 
according to the procedures outlined by Boothby and Spdiford. Table 
I gives a protocol of the experimental procedure. This procedure was 
uniform for all the bathing experiments. 

Pour t-smes of observations were made. In order to aecustom the sub- 
ject to the procedure, all of the steps in Table I were followed m a pre- 
liminary observation, except that no bath was 

mental tub. The data obtained covered a training period for the suboect, 
and were used for additional check on other controls. In all instances 
at least two experimental observations were made, one in winch the 
natural -carbonated mineral water was used in the bath, and a second 
when plain water, at the same temperature was used. thi^e cases 
repeated series of observations were made, so that a total of ten com- 
parable sets of data were obtained. In addition, two suboects were 
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Tabm: VX 


ACkan' ArA'Koi.Aii Cauuo.v Dioxii/k Tknsiok ix :i5“ G. Baths 


i 

1 

j 

COj 

w.vrcu — 

CATIK.S'T 
mtCATJlKS 
Ot^niOOtl A!U 

l'/,AI.V 
W.VfKIt — 
I'.vrmKT 
!iia;.vrin;.s 
m'TiHHii; .\m ! 

CO- 

WATi:ii-— 
r.-vTie-N’T 
i!i;EATnf:.s 
ROUU.MU ' 

rr.Ai.s' 

W.WEfi— 

I'ATIE.VT 

acE.vrJirs 

ROUil A 111 

liii.sc alveolar ten.^ion 
after ‘XO-mumte re.sl 

•lO.O* 1 


■12.0 

■11.9 

■1 iiiinute.i in initli 

12.lt 


•1.12 

•12..'? 

H minuter in batli 

la.ri 



^ 41.8 

Itl mmuU'd in Ijuth 

•13.1 


•10.0 

1 Xl.-l 

JlJ niinuteH in hath 

•tri.i 

1 lO.G 


•11.1 

JO minute.s after balli 

•n.2 

i 10.2 

•bio 

■11.7 

liO niinute.'j after hath 

-10.7 

1 ‘10.2 

•b'j.l 

41.8 

.Maxinmin ri.*.e above Iia.-e 


0.1 1 

:5.i 

0.4 

I\’reeatage rlbe Jibovo bus) 


0.0 

.s.o 

0.9 


*Pci)j = nUllliuelor.'i of ii\ou;ury :it 3.S“ C., ilry. 


eiK'Cs wci-e noted between the two etirves. O'he startin'' skin tem- 
peratures of the instep were 0.5'-’ C. to 1“ C. hintlier tiian those of the 
too, but duviuy: the baths they approached the same level. For the 
sake of l)revity, only tiie skin temperatures of the jxreat toe are included. 

Series 1, consistin!,' of plain and carbon dioxide mineral water baths 
at 2(1.4® C., showed no marked differences in skin temperatures be- 
tween the carbon dioxide water, and i)lain water, baths. The skin 
temperature dropped to a level 0.5 to 1® C. above the bath tempera- 
ture, Series 2, at 32.2® C., showed nearly the same results as Series 1, 
but there was a tendency for the .skin temperature to ))e higlier in the 
carbon dioxide water baths. In both these series, the patients felt 
slightly chilly while in the tub. In Series 1 the skin temperatures 
were above the bath temperature, and, in Series 2, 3, and 4. the skin 
temperatures were below the bath temperature. 

Sex-ies 3, at 35® C., and Series 4, at 37.8° C.,- showed consistently 
higher skin temperatures in the carbon dioxide baths. The readings 
were 0.5 to 1° C. higher at the end of the carbon dioxide water bath. 
This difference was noted in the skin temperatures of all the patients, 
and therefore it is considered of some signilicance. In the baths at 
35° C. (Series 3), the skin temperature rose to a point 1.5 to 2° C. 
below the bath temperature, and then leveled off. In the baths at 
37.8° C. (Series 4), the nearest approach was 2.5 to 3° C. below the 
bath temperature. Typical results of each bath series are shown in 
Fig. 3. 

The order in which the l)iiths were given had no measurable effect 
on the 1 ‘esults. Series in which the plain water bath was given before 
the carbon dioxide water bath showed almost the same curves as when 
the reverse order ivas used. All tlie subjects had a distinct hyperemia 
of the skin when they emerged fi'om the carbon dioxide water baths. 
The hyperemia was confined to the area of the body covered by the 
carbon dioxide water, with a distinct line of demarkation between the 
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FIoAvever, the general direction of each set of observations was de- 
termined by the experimental procedure used, and was not dependent 
on the level of the resting alveolar tension. To check this, two experi- 
ments were made in which the patient took no bath, but went through 
all the movements and samplings used in the regular procedure. The 
average results of these two tests, as presented in Table V, indicate 
the small amount of variation inherent in the technicpie. 


Table V 



1 AFTER 20- 

illXUTE 

REST 

PERIOD 

4 iiix- 1 

UTES IX 
TUB, XO 
WATER 

1 8 iiix- 

I UTES IX 
TUB, XO 
WATER 

12 iiix- 

UTES IX 
TLTB, XO 
WATER 

16 mx- 

UTES IX 
TUB, XO 
WATER 

10 MIX- j 
UTES 
OUT OF 

TUB 

20 AIIX- 
UTES 
OUT OP 
TUB 

Pco 2 mm. Hg at 
38° C., dry 

1 43.0 

1 

42.4 

i 42.2 

42.2 

i 

42.0 

j 

42.8 

43.0 


Mean alveolar carbon dioxide tension 35"C bathb 



tub (- 


and — . 




The carbon dioxide concentration in the alveolar air is presented 
as tension in millimeters of mercimy at 38° C., dry. The mean results 
of the four different experimental procedures are shown in Table VI, 

and are presented graphically in Fig. 2. 

B. Skin Temperature , — Skin temperature observations on the great 
toe and instep . were made at each reading, but no significant dift’ei - 
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•ICucli llKUrt; In llif t.'ibli; ri;|)r<‘«»-nt.H the m< nn !i\'i*niK‘’ of tin.* t(‘n comj«irabli- ob 
.""orVittioiis on tin- .•'ovoii jJiibjoi’t.H .'itndlod. 


iiifrea.se wliich variffi from a iniiiimuiii a)’ 22 Id a niaxiimnn ol’ 58 i>.c. ’ 
per miiuite. In tlie pcritxl fDlltnvino- ihi* balh the variations shou'etl 
an eipial number of increases and decreases. 

'riie earimn din.xide eliminatioji u'hieh oeeiirred dnrinji: the plain 
water laith was entirely different; in tlie lar-ie majoi’ity ot‘ observa- 
tions there was a slif;ht deerea.se which was not eonsiderefi of real 
signiheanee. Also, in the iieriod after the lialli the elimination of 
earbon dioxide Avas at the same level as ilurinif and before the bath 
in plain water. 

Oxygen consumption; The ttxygen consumption during these oliser- 
vations showed no eoiisistent A'ariation from the base period in either 
the mineral or plain water baths. The number of observations show- 
ing decreases practically equalled the number in which increases oc- 
curred. In either ease, fiie \-ariation from the base period Avas not 
considered signiticant. 

Respiratory (piotieut ; From the «lata obtained for the earbon dioxide 
elimination and the oxygen consumption during these studies it fol- 
loAvs that a marked increase in the re.spiratory quotient Avould occur. 
During the iteriods in the earbon dioxide baths this ehange Avas noted, 
as indicated in Fig. 4. Respiratory quotients as high as 1.2 Avei-e 
obtained in .some eases. 

The quotients for the base periods cannot be considered basal be- 
cause all observations Av*ere made folIoAving a light, standard breakfast. 
This breakfast Avas largely carbohydrate, and, therefore, many quo- 
tients Avere above the usual basal Ica'cI. The type of mask Avhich 
could be obtained for these obserA'ations had only a single outlet. 
This increased slightly the usual dead space, not sufficiently to pro- 
duce cli.scomfort. but apparently enough to cause slight variations in 
obtaining exact figures for the actual amount of oxygen consumed. 
This e.xperimental factor Avas recognized, but it is not felt that it 
materially influenced the A'ariatious AA'hieh occurred Avhen comparable 
observations Avere made on the different subjeet.s. 
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imnieTsecl and unimuiersed skin areas. Tliis was not present ^vhen the 
patient emerged from the plain water liath. ■ 

0. Respiratory Quotient . — The material assembled from these studies 
on seven subjects is presented as mean averages in Table VII. Data 
covering the amount of carbon dioxide eliminated and of oxygen con- 
sumed, the respiratory quotient, and ,tke respiratory minute volume 
during the mineral and the plain water baths are presented. 


5K1H TEMPERATIJRE. STUDIES TYPICAL CURVES 



jj'lg-, 3 , — The curves are drawn from data plotted to represent the average of the 
obsei'ved temperatures. The starting temperature is influenced by the room tempera- 
ture, which is recorded in the table. In all observations the teinperatuie shifted to- 
ward the temperature of the bath, and, within two to four minutes, reached a rela- 
tively constant level except in the carbon dioxide bath at 37.8 C., where the cuzve 

continued to rise slowly during the entire observation. 


In order to show the individual results in the seven subjects studied, 
the actual variations obtained in periods two, three, and four, as com- 
pared to the base period in each of the experimental observations, have 
been calculated and are presented in Fig. 4. The variations in these 
data which were greater than the base period are represented by 
columns extending upwards from the base, or zero, line. The varia- 
tions which represent a decrease in the findings are indicated by col- 
umns extending downward from the base line. 

Carbon dioxide : It Avill be seen from a study of lig. 4 that striking 
changes occurred in the carbon dioxide elimination during the two 
periods in the mineral Avater bath. In all observations there a\ as an 
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datj: 

cni.ofti.vn’V' 

(MK./l.Vmi) 

ACKALtXITY 
( Jro./UTKK) 

Liucolit water (iiatiiial mineral) 

ig/g/ig 

is:ir, 

2295 

.trtiliciid saline water 

12/2/12 

22ti0 

2115 

Arlitifial .".'dine water 


2 2 so 

2055 


nisctrsstox 

TiuM'e has hoou inurh spcculalioi! and exi)eriuiontution relating' to 
(he intei’chanfrc of earl)uii dioxide through the skin. Ilediger/'' in a 
series ot' eurefidly eoul rolled experiments, .showed that carbon dioxide 
dissolved in water could pa.ss through the skin. Chambers with a 
.side o])ening contaiuin'r water with dift'erent concentrations of carbon 
dioxide were sealed against tim shin. The carbon dioxide diffused 
out of those ehaml)er.s which contained more than 4 volumes per cent, 
and tliose with less than this amount took up carbon dioxide until the 
concentration reached 5.8 volumes per cent. Cobet and ITabler,’'' 
CJroedel and Wacljier,' and JTarpuder.*' iisinir otlier experimental 
rnethod.s, confirmed Ilediger ’s ob.servation.s. Their work showed that 
changes occur in the re.si>iration and blood picture when patients are 
given carbon dioxide baths winch could best be explained by the pas- 
sage of earhou dioxide through the skin. Keeent studies by Stein and 
Weinstein'* showed tiuit significant and prolonged elevation of the 
skin temperatures of patients re.sulted from u.sing artiiicial carbon 
dioxide baths on the lower e.xtremities. They also demonstrated 
capillary dilatation by moans of a capillary micro.scope with a photo- 
graphic recording apparatus. Tn this study, they found that both the 
arterial and venous limbs of the capillaries were larger, and that the 
blood flow was greater when the limb was e.xposed to the water- con- 
taining carbon dioxiile. The^' considered that these ohservafions sup- 
ported the idea that dilatation of the smallei’ ve.ssels occurred, and 
that the increase of blood How recorded by tlieir pIeth\'.smogcaphic 
studies suggested that this dilatation may liave occurred also in the 
larger vessels of Ihe extremities. 

A. Alveolar Carbon Dioxide Tension— Ccrtaui changes in tlie blood 
picture can be studied by means of alveolar air sampling, as pointed 
out by Carpenter and Lee'® and Cournand, Baldwin, et al.” Coiirnaud 
and Richards'- state that the carbon dioxide tension in the blood of 
normal persons tends to remain at a constant level. Carpenter and 
Lee'** found that, with a trained subject, the alveolar carbon dioxide, 
taken at hfteen-minute periods on two different da 3 's, shoAved the 
results given in Tabic IX. 

It Avas necessary to knoAv the variation inherent in the technique to 
ascertain Avhetlier or not the obserAmd changes Avere significant. The 
actual variation in the alveolar CO.^ tension in the control experiments 
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Miimte volume: A definite increase in the minute volume output of 
the subjects during- the carbon dioxide bath was noted. It occurred 
in all but one observation. The variations reported in the figure 
showed a wider range of increase than Avas found in the carbon dioxide 
eliminated. The ATiriations in the minute A’-olume during tlie plain 
Avater baths, for the most part. .shoAAmd some decrease from the base 
period. 


THE INFLUENCE OF CARBON DIOXIDE MINERAL 
AND PLAIN WATER BATHS ON RESPIRATORY METABOLISM 
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Fig. 4 . — Each column represents the actual variation from the base period data 
of carbon dioxide, oxygen, respiratory qUotient, and minute vohime obtained during 
the periods in and after the bath. Columns extending upward from the zero line 
indicate increases, and 'those downward show decreases. 


Artificial saline baths: In order to cheek the infiiience of the saline 
3onstituents in the mineral Avater baths Avithoiit the carbon dioxide, 
t.AVO subjects Avere tested in plain Avater baths to Avhich Avere added 
sodium chloride and sodium biearlionate in amounts similar to those 
present in the mineral Avater. In this hath the subjects Avere exposed 
to all of the effects of the mineral Avater except the carbon dioxide. 
The metabolic data obtained from these two experiments .shoAved no 
appreciable Amriatioii from those obtained from the same subjects in 
the plain water hath. Table VIII presents actual data of the analysis 
of the Avater used in this prepared bath,-A\dth a comparison to similar 
data obtained on the natural mineral Avater from the Lincoln Springs. 
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carbon dioNidc bath. A reversal o£ the order o£ giving tlie baths was 
made in every series; therefore, the subject acted a.s his own control, 
and the clianges observed appear to be tlie re.sult of the carbon dioxide 
baths. Definite, visible liyperemia of the shin was noted over the im- 
mersctl area of llie patients when lliey emerged from the carbon dioxide 
baths. It was not present when the sulijcet emerged from the plain 
water Imth. 

Eighty liaths were given to six normal subjects. Although their 
ages ranged from 18 to 46 years, much tiie same results were obtained 
in duplicate sets of experiments on each iiatient. Certain patients 
showed greater skin tenijicrature changes than other.s, but all followed 
the same general curves. As noted in Eig. 6, the skin temperature 
.showed considerable variations before entering the bath. These vari- 
ations may have been due to differences in room temperature (27 to 
34° C.), or to the general physiologic state of the patient on dilterent 
days. However, these ilitferences were eliminated within two minutes 
after the subject entered the bath, aiul the differences observed after 
that period are considered as a result of the influence of the bath.s. 

The .subjects were observed at four different temperature levels, and 
the variations noted were more evident when the bath temperature was 
near body temperature. The observations in a cool bath at 29.4° C. 
and 32.2° C. showed that the temperature of the water, rather than 
the action of carbon dioxide, apparently exerted the principal influ- 
ence. The curves approached similar levels and did not show signifi- 
cant differenees between tin* two types of baths at these temperatures. 

The tendency of the skin temiierature to adjust to tlie temperature 
of the surrounding medium was also evident in tlie warmer baths at 
35° C. and 37.8° C. Here, however, the skin temperature rose to a 
higher level with the subject in a bath of carbon dioxide water than 
it did when plain water was used. The differences noted were not 
striking, but, when taken with the other data obtained, they point to 
the correctness of the idea presented by Harpuder® and others, namely, 
that carljon dioxide is absorbed through the skin and produces an 
effect by direct intluence on the capillary network. 

C. Respiratory Metabolism . — In considering the data presented in this 
section it is important to analyze certain features to ascertain whether 
or not the observations indicate that carbon dioxide is absorbed from 
the bath through the skin. The experimental data show without ques- 
tion that, during the exposure of the body to a mineral water bath 
containing large quantities of cai-bon dioxide in both free and com- 
bined form, there is a definite increase in the amount of carbon dioxide 
eliminated through the lungs without a corresponding increase in 
oxygen consumption. This combination results, of course, in a marked 
elevation in the calculated respiratory quotient. There was also an 
increase in the respiratory minute volume, but this was considerably 
less constant than the increase in elimination of carbon dioxide. 
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Table IX 


date 

NUMBER OP 

AVERAGE ALVEOLAR 

AATIRAGE ALVEOLiUl 


DETERMINATIONS 

CO.. PER CENT 

COi TENSION (Pco;) 

May 7 

20 

5.97 ± 0.11 

42.4*+ 0.7 

May 16 

25 

5.98 ± 0,12 

41.9 ± 0.8 


^Approximate (calculated from Carpenter’s data, assuming- temperature at 38° 
C. and pressure at 760 mm.) 


(Table V) was only 1 min. of mercury. The changes that occurred 
in plain water baths varied only slightly from that figure, but the 
alveolar carbon dioxide tension in the carbon dioxide water baths 
ranges from 2.1 to 6.3 mm. of mercury, a rise of 5 to 10 per cent above 
the resting level. The changes observed in carbon dioxide baths are 
produced by some factor which is not present in the plain water baths. 

The small changes in alveolar carbon dioxide tension during the 
plain water baths are probably caused by the general relaxing effect 
of 35° baths and changes in breathing due to the pressure of the 
water. When the patient is lowered into the tub there is a slight 
shock because of the dilference between the skin temperature and the 
water temperature, but this is soon compensated for by the adjustment 
of the body mechanisms. However, when the patient is placed in a 
carbon dioxide bath, besides these minor adjustments, there is a dis- 
tinct rise in the alveolar carbon dioxide tension. This rise, can be 
measured while the patient is in the carbon dioxide water bath, and is 
evident for some time after the patient leaves the bath. 

A comparison of the height of the mean curves of the alveolar car- 
bon dioxide tension during carbon dioxide water baths shows the effect 
of the carbon dioxide in the air of the room (Table VI and Fig. 2). 
The patients, when breathing room air, showed a 1 per cent greater 
alveolar carbon dioxide change, and the return to resting alveolar ten- 
sion was delayed. WTien the patient was breathing outdoor air, there 
was a tendency to return to the resting alveolar carbon dioxide tension 
soon after the bath (Fig. 1). 

Carpenter and Lee^° state: “It has frequently been shown that the 
carbon dioxide tension of the arterial blood and the carbon dioxide 
tension of the alveolar air run parallel in normal subjects and are 
nearly identical.” Thus, the rise in alveolar carbon dioxide tension 
found in these studies indicates a rise also in the arterial carbon 
dioxide tension. Therefore, the absorption of carbon dioxide from the 
baths, , whicli increases the arterial carbon dioxide tension, may explain 
some of the beneficial effects noted in patients with cardiac and vas- 
cular conditions after they have taken this type of treatment. 

B. 8Un Te 7 iiperature . — The studies of skin temperature reported here 
were made to ascertain whether or not significant changes occur in 
the carbon dioxide bath, which, if present, would indicate dilatation 
of peripheral vessels. As a control, the subjects were always observed 
in a plain water bath at the same temperature as that used for the 
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4. Absorption of carbon dioxide thi-ough tlie skin. It i,s considered 
that lids was actnally the source of the cxce.ss carbon dioxide wliicli 
was elinunated during tlic bath periods in the ndin-ral water. In the 
course of a i)atli in this water there is a marked accumulation, of car- 
bon dioxide "on the skin. The experimental observations of Hediger,^ 
described above, indi(*ate that earbdh dioxide caix pass through the skin. 

These observations conform closely with those of Oroedel and 
Waehter." who made extensive studies of this question with the natural 
mineral water of Had Xauheim. in Germany, The oidy difference be- 
tween our data and those reported by the.sc* aiithors is that the increase 
in cai’bon dioxide elindnation was m)t evident in the period of fifteen 
to thirty miuute.s after the carijon dioxiflc bath, tfroedel and Waehter, 
on the other hand, found that the increase in elimination of carbon di- 
oxide persisted from one to one and one-lialf hours after the bath. 
In our series, the changes in the amount of carhmi dioxide eliminated, 
the rise in the respiratory (piotient. and the increase of respiratory 
minute volume were all essentially of the .same proportion.s as in their 
studies. 

The elianges observed in the respiratory ([uotieiit, with an elevation 
to l.:i, indicate withoiii question that some extraneous source of ear- 
Ijou dioxide was pre.sent, because, if it were all due to food or ti.ssue 
oxidation, a fpiotient above I would be impo.ssible. 

It is considered, therefore, that the evidence strongly supports the 
idea that the carbon dioxide eliminated during a mineral water bath 
is actually excess carbon dioxide which is absorbed from the bath 
through the skin and carried to the lungs by the blood .stream. This 
could perfectly well explain the increased respii’atory minute volume, 
for carbon dioxide is a well-known stiimdant of the respiratory center. 

D. General Considerations. — .Tu.stifieation for the extensive u.se of min- 
eral water baths containing carbon dioxide in the program of treating 
disorders of the heart and circulation has frequently been questioned 
I)y thoughtful physicians. They say that the results are entirely due 
to mental and psychological factors. We think that the data pre- 
sented in this communication, as well as other obseiwations on the 
effects of these baths, as outlined previously by one of us,’^ show that 
they have a distinct and definite physiologic effect. Further studies 
are required, of course, to demonstrate the complete details of this 
effect. The observations presented in this paper are a step in that 
progi-am, and are considered to be strong support for the theory that 
the effects produced by the use of these baths depend on the absorp- 
tion of carbon dioxide through the skin. 

Bax-acli and Steiner^^ state: “Constriction of the capillary bed has 
been produced by acute alkalosis, and carbon dioxide administra- 
tion has been followed by dilatation of these vessels.” In the con- 
clusion of their paper they point out that the addition of 2 to 3 per 
cent of carbon dioxide to a low oxygen mixture prevented the develop- 
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Four possible sources of the excess in carbon dioxide elimination 
during the periods when the patient was in the mineral water bath 
may be considered : 

1. Increase in the oxidative metabolism throughout the body. The 
fact that there was no increase in the oxygen consumption during the 
periods in the mineral bath Avould<Tule out this possible source. 

2. Eelease of carbon dioxide in the body. There is no evidence to 
show that the exposure of the body to a bath of this type produces 
any marked shift in the constituents in the blood other than carbon 
dioxide. It is well known that an increase of fixed acids in the cir- 
culating blood will result in an increase of ventilation, with the elimi- 
nation of excess amounts of carbon dioxide. The fact that the sub- 
jects within a short time after the batli showed an essentially normal 
amount of carbon dioxide elimination is certainly evidence against a 
possibility of any marked change in the acid-base equilibrium of the 
blood. 

3. H 3 '’perventilation. One must consider carefully whether the in- 
crease in respiratory minute volume is a possible cause of the excess 
elimination of carbon dioxide, or whether it is the result of a stimula- 
tion of the respiratory center by circulating blood which has acquired 
an additional amount of carbon dioxide from some outside source. 
It is well known that voluntary hyperventilation may result in the 
elimination of excess amounts of carbon dioxide. 

Data obtained during the course of these observations showed that 
one subject increased the minute volume by 18 per cent in one period 
and over 50 per cent in another by voluntary forced breathing, which 
resulted in the elimination of approximately 25 to 28 per cent more 
carbon dioxide. This was associated with relatively little change in 
oxygen consmnption. The respiratory effort required to carry on the 
forced ventilation resulted, in one period, in an increase of 8 per cent 
in the amount of oxygen absorbed. However, the percentage concen- 
tration of carbon dioxide in the expired air fell from 3.29 to 2.52 per 
cent. In all observations made with subjects in the mineral water the 
increased ventilation was accompanied by an actual increase in the 
concentration of carbon dioxide in the expired air. 

A review of the data presented shows that an increase in the respi- 
ratory volume occurred only during the periods when the patient was 
in the mineral water bath. The increase in the carbon dioxide tension 
of the alveolar air when the subjects were in the carbon dioxide bath 
indicates also an increase of carbon dioxide in the arterial blood. 
Since the expired air during voluntary hyperventilation has a lowered 
concentration or percentage of carbon dioxide, and since an increased 
•concentration Avas found uniformly in these studies, it appears that 
the increased minute volume is the result of a stimulation of the 
respiratory center by the circulating carbon dioxide, rather than the 
primary cause of the increased carbon dioxide elimination. 
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29.4“ C. (85“ F.) unci 32.2“ 0. (90“F.) u'crc u.sed. When the baths 
were 35° C. (95° F.) and 37.8° C. (100° F.), the .skin tcnnperatui’e wa.s 


0.5 to 1° C hi'^her in the bath of carbon dioxide water. 

5. A di.stinot hyperemia was noted over the immer.sed area of the 
skin when the patients emerj^ed from the carbon dioxide water baths. 


This wa.s noted at all tiie temperatures used, and was not present when 


the subject emer”:ed from the plain water baths. 

6. There was a marked increa.se in the elimination of carbon dioxide 
in the expired air ilurin^ the time the i)atient was in the mineral water 
bath, d'his increase did not occur in the plain water bath, 

7. No evident variation in the oxy^^en consumption occurred with 
either bath. 

8. The res!)iratory quotient, therefore, showed a marked elevation 
when the patient was in the miticral water bath. 

9. There was an increa.se in the resjjiratory minute volume during 
the mineral water batii which did not occur with the plain water bath. 
This increase was not as regular as that observed in the amount of 
carbon dioxide eliminated. 


10. The pos.sii)le soui'ce of the cxce.ss carbon dioxide is diseu.ssed. 
The evidtmce supports the theory that this extra carl)on dioxide is 
obtained by absorption of the carijon dioxide in the water through 
the skin and its subsequent elimination through the lungs. Other 
po.s.sible causes of this exce.ss elimination, such as increa.sed metabo- 

li.sm, voluntary hyperventilation, and chemical changes in the blood 
other than in the carbon dioxide, were considered, but cannot be ac- 
cepted as valid causes for the observations. 

31, It is, therefore, concluded that the results oI)tained in the treat- 
ment of patients with carbon dioxide mineral water baths depend, in 
part, at least, on the absorption of carbon dioxide through the .skin 
and its subsequent inlluence on the circ\dation and nervous .system 
which occurs in the proce.ss of its natural elimination by way of the 
blood stream and the lungs. 
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ment of clinical and electrocardiographic signs of coronary insufSciency 
when patients breathed the mixture. McDowell/'^ in studies on anes- 
thetized dogs, found that the loss of tone caused by washing out the 
carbon dioxide does not affect all blood vessels alike. He concluded 
that the normal carbon dioxide content of the blood maintains a pe- 
ripheral dilatation of the minute vessels, just as it maintains a central 
stimulation of the vasomotor center. Wolff and Lennox,^® in studies 
of the pial vessels of trepanned eats, found that a decrease in the 
carbon dioxide content of the blood resulted in a moderate decrease 
in the diameter of pial arteries, whereas an increase in the carbon 
dioxide was followed by a marked increase in their size, and that 
dilatation was more readily produced than constriction. 

In these observations each subject was his own control. In the first 
place, the base period on the day of the experiment was used to de- 
termine any changes resulting from the baths which followed. He 
also acted as his own control in that the changes resulting wlien he 
took a bath in plain water were compared Avith results obtained when 
the same patient took a bath in the mineral water. In addition, a 
preliminary training experiment Avas carried out Avith all subjects 
going through all the procedures except that no water aa^s in the tub. 
Further, in tAvo instances, additional check Avas made by preparing 
a plain Avater bath Avith the addition of salts Avhich Avould bring the 
saline content to essentially the same level as that of the mineral water. 
These observations, Ave feel, eliminate the possibility that the salts in 
the Avater cause the Amriations observed. AVhen the patients breathed 
only outside air during the experiments, all infiuence of carbon dioxide 
in the air over the bath Avas eliminated. It is, therefore, concluded 
that the significant changes observed in tliese studies are primarily 
due to the absorption of carbon dioxide from the mineral Avater through 
the skin. 

sujMmary and conclusions 

1. Many observations have been made on the changes Avhich occur 
in the aHeolar carbon dioxide tension, the skin temperature, and the 
respiratory metabolism of human subjects Avho haA'^e been submerged 
in baths of either carbon dioxide Avater or plain Avater. 

2. The aveolar carbon dioxide tension shoAved^a 5 to 10 per cent rise 
during baths in the carbon dioxide Avater, and returned to the resting 
level about tAventy minutes after the bath. There Avas no significant 
change during baths in plain Avater. 

3. A comparison of the alveolar carbon dioxide changes during the 
carbon dioxide baths Avhen the patient Avas breathing the air above the 
tub and Avhen he breathed outdoor air indicates that the higher amount 
of carbon dioxide in the air above the tub caused a greater alveolar 
change by approximately one to tAvo per cent. 

4. There Avas no essential difference in the skin temperature during 
the carbon dioxide and plain Avater baths Avhen bath temperatures of 



BLECTROCARDIOGlL-nrS IN WlIKni THE 3LVIN \’EXTRICULAR 
DEFLECTIONS ARE DIRECTED DOWNWARD IN 
THE STANDARD LEADS 


Emanuel Golueekuku/ -M.D., and Sidney P. Schwakyz, M.D. 

New Yoke, N. Y. 


INTRODUCTION 

T here imvc ix-cently appeuretl several pai)t‘i-s describing electro- 
eardiograms in which the main detiections in tiie three standard 
leads were dowmvard, rather tlum upward. Clinically, ca.ses ox this 
type have been found to fall into two gronjis : ca.ses of right ventricular 
hyjierti-ophy or dilatation/ and case.s of severe myocardial damage.* 
The mechanism by which this pattern is produced, however, ha.s not been 
well understood. 

The problem can lie partially re.so!ved by theoretical analysis based on 
the fact that standard lead electrocardiograms are taken according to the 
following convention, arbitrarily established by Einthoven.'’ In Leads I 
and II, an upward deflection of the wave.s of the electrocardiogram will 
occur when the right arm is more negative (or le.ss positive) than the left 
arm or left leg, respectively, and vice versa. In Lead III, an upward 
defiectiou of the waves of the electrocardiogram will occur if the left arm 
Ls more negative (or less positive) than the left leg, and vice vex’sa. 
Since this is so, in a normal electrocardiogram in which QRS is upward 
in the three standard leads, the relatioas of the potentials of the extremi- 
ties must be as follows : 


In Lead I, the right arm is more negative (ox* less positive) than the 
left arm, or RA < LA. 

In Lead II, the right arm is more negative (or less po.sitive) than the 
left leg, or RA < LL. 

In Lead III, the left arm is more negative (or less positive) than the 
left leg, or LA < LL. 

Therefore, RA < LA < LL. 

Using a similar analysis in a record in which QRS is downw’ardly 
deflected in the three standard leads, the following condition must hold: 

In Lead I, the right arm must be less negative (or more positive) than 
the left arm, or RA > LA. 


The eighth in a s,erieis of papers on the application of unipolar leads to the study 
of problems in electrocardiography. 

Work done under the Martha il. Hall Foundation Fund for Research in Cardi- 
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AMKUU’AN UKAHT AorUNAI- 


lol’t anil ami lul't U*<r Inuls, hut tlm rmlu ami Imd tt-mls to he actually 
(0, »iid the left leii: lead actually (• ), hi all records. 

However, further exanunnlum of the riuht arm leari .shuw.s that the 
( c) detlection hs of two forms: (a) a hiphasic conifile.x consistin'^ of an 
initial downward detlection ((,!) followed liy an uii.sirokc (J{), and (bj 
a ( ) detlection in which the initial and main deflection is an upstroke 
(10. 

K.vamination of the left leu lead nhso .shows two forms of the (~) deflec- 
tion: (a) a hiphasic complex consi.stinu of a small initial ujiward de- 
tieetion (r). followed by a deep S. and (h) a deep, initial, ilownward, 
main detlection (.Q). 

Examination of the left arm lea<l also shows (wo ‘general types of 
])utterns: (a) a hiphasie eomplex eon.sistinu of an initial small upward 
detleetion (r), followed hy a deep S, and (hi an initial downward (Q) 
detlection. 
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'/j: 7:i-year'Okl ni.in with )iyijt;itei)-'lvt! r:ir<liovu.5CV»l:ir i1i.-c.im. i, Ahirktil 1 ft .ixi. 


deviation. 1{. JI., Cl-year-oId man. 


The interpretation of tlie.se patterns is as follows: 

Right Arm U<uL~X. The hiphasie (JUS, as we have previously demon- 
strated, can lie produced by both marked riirht axis deviation and 
marked left axis deviation.'- 

B. The R type of detleetion, as we have also shown, is found only in 
cases of extensive myocardial dtimauo.’*"® This may occur witii both 
anterior and posterior infarction. However, the exact dcirree of damage 
that must take place to cau.se this is not e.xaetly known. 


•See XddendaM. 
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In Lead II, the right arm must be less negative (or more positive) 
than the left leg, or EA > LL. 

In Lead III, the left arm must be less negative (or more positive) 
than the left leg, or LA > LL. 

Therefore, EA > LA > LL. 

In other words, in the normal record, the right arm j^otentials are 
relatively negative to those of the left arm and left leg, whereas, with 
downward deflections, a reversal of these conditions has taken place, and 
the right arm has become relatively positive to both the left arm and the 
left leg. 

Fortunately, we are no longer limited to theoretical analysis of the 
possible potentials at the extremities, for, with a very simple technique, 
the actual unipolar extremity potentials can be recorded,’’ and the 
mechanisms which produce these changes can be more exactly studied. 


:material and meithod 

In a series of one thousand cases in which botli standard leads and 
unipolar ■ extremity leads were taken, there were fifteen in which the 
main deflections were downward in the three standard leads. In five of 
these, there was evidence of enlargement of the right ventricle, or of 
conditions in which right ventricular hypertrophy might be expected 
(chronic asthma and pulmonary tuberculosis). One of these patients 
died, and autopsy confirmed the diagnosis of right ventricular hyper- 
trophy." The other ten were eases of myocardial infarction. In three of 
these, there was radiographic evidence of ventricular aneurysm. 

In addition to these cases, we had the opportunity to study eight 
other autopsy case.s, collected by one of us (S. P. S.), in which QES 
pointed downward in the standard leads. One of these patients had 
multiple myocardial infarcts; the others had puhnonary tuberculosis 
and merely showed right ventricular hypertrophy or dilatation at 
autopsy. 

Standard leads were taken as usual. For unipolar leads, the technique 
developed by one of us (E. G.)‘ of obtaining augmented unipolar ex- , 
tremity leads was used. The author’s indifferent electrode of zero 
potential was used for the unipolar leads.’ Some of the precordial leads 
were taken with the left leg as the indifferent electrode. The others 
were taken vnth the author’s indifferent electrode.’ 


results 

Fig. 1, a, shows the unipolar extremity leads of a normal subject, for 
comparison with the other records. Note that the right arm lead is nega- 
tive (-) ; the left arm and left leg leads are positive (-r). 

The. cases in which QES was downwardly directed as a result of right 
ventricular hypertrophy are shown in Fig. 2, and those in which the 
cause was m 3 ’-ocardial infarction, in Fig. 3. Fig. 2, d, is from a case 
of atypical right bundle branch block in which the QES in the standard 
leads was directed downward.® This patient had anterior infarction. 

On cursory examination, it Avill be noticed that, as urns theoreticall}' 
predicted, the right arm lead is not only relatively less negative than the 
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con.slstcHl iti :i shovlcnins o£ the inilial downward defiection and a de- 
crease in ilio depth ot’ the T wave. The left arm lead in Pig. 2,c, is, 
therefore, basi<«any similar to tlie right, arm lead. This doe.s not occur in 
the cases of this type in which there is anterior infaretion (Pig. 3, «, h. 
and r). 


The exjdanafion of this unusual eonditimi i.s as follows: Xormaliy, the 
heart lies oblirpiely, so that the right shoulder girdle and the right arm 
lead fare the interior of the heart (tiie eiKloeurdiiim). Since the endo- 
cardium is {» as the QliS is written, the right arm lead is also (~). 

hen the heart is very vertieal, (ho right arm lead only partially 
faee.s the endoeardium, ami its jmtential heemue.s btpliasic (Qli).* Tn 
such a ease, tin' hu't arm lea<l also partially faces the. endoeardium, and 
its potential tends to resemble that of the right arm load.*** ^ TJoentgeno- 
grams of tliis patient s elust eontirimsl the siij)iSJsition that he .should 
have a long, narrow heart. 

Til a ease of anterior infarction, the downward deflection of the left 
arm lead is due to the fact (hat the left arm lead faces (he epieardial 
surface <if the ventricle which has hecn infarcted.'* 


AVo thus have the [xKsiiile intcra<*tion of live diherent factors (left a.\'is 
deviation, riglit a.xis deviation, markerl in.voeardial damage, anterior 
infaretion. po.sterior infarction) as a cau.se of these pattcrn.s. 

MarL’cd rit;ht nxis th vuifion, alone, ean cause a hijihasic right arm 
lead, a downward h'ft arm lead, lusually consisting of an rS, and a down- 
ward left leg lead eonsi.sting u.sually of a biphasle rJs. This eomhination 
will produce a downward dcllection in the three standard leads (Fig. 
2. a, h. and c). 


Marh'cd It’ft axis deviation cun cause the l)i[)ha.sie right arm lead and 
a downward left h‘g lead con.si.sting of an rS, hut the left arm lead is 
eharacteri-sticall.v upwanl and u.sually veiy high. Tn such a ease. Lead 
I will be tall, and only l.eads IT ami ITT downward (Fig. l,b). How- 
ever. if anterior infarction occurs in such a case it will cause marked 
lowering of the left arm potentials heeause a Q wave results.® This will 
eau.se Iwad T to i»oint dowjiward, also. I''ig. 3, e, i!lu.slrate.s such a case. 
Here there wars marked left axis deviation due to the presence of a large 
ventricular aneurysm, and a d«)wnward left arm lead a.s a result of the 
anterior infarction. 

Extensive mijocnrdial diiuiatjc, cither due to anterior or p'Asterior in- 
faretion, results in a (+1 right arm lead and a Q wave in the left arnx or 
the left leg lead, depending on the location of the infarct. This alone is 
not suftieient to cause a doAraward QRS in the standard leads, ixnless 
both anterior and po.sterior infaretion are present (Fig. 3, a and 6). Tn 
such a ca.se, there will usually be a Q waA'c in Leads I, II, and III. 

Anterior infarction, alone, causes only a lowering of the left arm lead 
(due to the Q Avave). Ordinarily, the right arm lead remains (-) and 


*Soe Addendum. 
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Left Leg Lead. — A. The biphasic rS is regularly seen in left axis devia- 
tion.^ We have demonstrated that it also occurs in eases of marked 
right axis deviation and right ventricular hypertro]>hy.^ 

B, The deep Q wave is characteristic of iiosterior infarction.®’ 

Left Arm Lead. — A. The biplursic rS is regularly seen in right axis 
deviation.® 

B. The Q,,with a '‘coronary,” or coved, T wave, is characteristic of 
anterior infarction.®’ The left arm lead of Fig. 2, c, from a case of 
right ventricular hypertrophy, superficially resemliles this pattern. 

L. Arm R. Arm L. Leg 

I. *11. ' III? IV. aVl aVr aVf 


» k « ■ r B «a r « u c t • I 




rittTlTintihrii-^iBiaT' 


Pig- 2. — Doa-nwardiy deflected QRS in cases of rislit ventricular hypertrophy (a, 
b. and c). Fig. 2ci, is from a case of atypical bundle branch block. It is not known 
whether right ventricular hypertrophy was present in this case, a, B. Iv., o9-year- 
old white man with chronic asthma and emphj'sema. The patient died, and autopsy 
revealed the greatly enlarged right ventricle, b, K. R.. 63-year-old white man with 
chronic asthma, c, S. IC., 6l-year-oId white man with chronic bronchitis and asthma. 
d, W. M., 4.5-year-old man. Arteriosclerotic heart disease, and anterior infarction. 

Furthermore, a small is present. A similar pattern was observed 
in two of our other cases in which there was only right ventricular 
hypertrophy at autopsy.® We made very careful studies of this case; 
over twenty unipolar leads wore taken from all regions of the surface 
of the body, and there was a gradual transition from the pattern seen 
in the right arm lead to that seen in the left arm load as the electrode 
moved across the upper portion of tlie body to the left. The change 
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In the ease of atypical rif'ht hiuullc branch block 2, d) there was 
a biphasic right arm lead, and the pattern may therefore be considered 
as also due, at least, in part, to marked axis deviation. 

To siinnuarize, a downward QHS in the three standard leads may oc- 
cur as the result of: (1) .Marked rijrht axis deviation. This is usually 
due to right ventrieidar hypertrophy. (2) Anterior infarction in a.sso- 
cialion with marked l(*it axis fleviation, (G) l’osf<'rior infai'ction in 
association with marked right a.xis deviation. f4t Hxtensive myocardial 
damage due to both anteri(tr and jtosterior infarction. 


ni.scr.ssro.v 

it has been .said' that <lownwurd detlcction of in the standard 

leads cannot be interprctc'd by the Mintlioven iriatiiilc conceid. A simple 
illustration will provf* the fallacy of this; 

l’’ig. 4 gives tiie range of jattenlial.s for cacli of the uni|)olar extremity 
leads. .N'ormally, tlie (dcctrical a.vis fat the instant flic peak of the QlbS 
comj)lex is being written) li<‘.s in a rainge of 0'^ to • {10°. Thus, if the 
elecdrieal iixis were idO® f])oinf .1 iti h'ig. 4). if can be seen that the Jeff 
arm lead wotdd be (' ). the right arm lead t-). ami tin' left h lead (f). 


loft Ara Load 


Bight Am Lead 


Left Leg Lead 



Fi};. -t. — Griiah.s sluiwliiK Uiis ifliiUoii.'iliip.-* Uie eli'Ctncal a.vi.s anU the 

polari itjy and potentialii of tlic unipolar o-’ctrainity leads, riio diaijoniu and vertical 
Iinc.s indicate how the ainplitudc.s of tin* rcconl.s vary wlicn the oiectrical axis chanKes. 


whieli is normal. However, if the electrical axis were -130° (point B 
in Fig. 4), the left arm lead becomes (-), the right axaii lead (-t), and 
the left leg lead (~), (Fig. 4). In other words, cases in which there 
is a downward deflection in the three .standard leads are merely example.s 
of extreme degrees of axis deviation. From Fig. 4. one ean see that the 
electrical axis of such records must fall within tlie range of -120° to 
180°. 

There is one more point to be discussed, it was imiiited out above 
that marked right axis deviation, without myocardial infarction, can 
cause the downwardly deOeeted (jKS. Study ot Fig. 4 shows that the 
electrical axis in such a case must have J'otafed clockwise to reaeli at 
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the left leg lead (+). However, as was mentioned above, the addition 
of marked, left axis deviation causes changes in the latter two leads, and 
a downward deflection in the standard leads results (Pig. 3, c) . 

Posterior infarction, alone, causes only a lowering of the left leg lead 
(due to the Q wave®) . The right arm lead remains (-) and the left arm 
lead (+) . Marked right axis deviation in such a ease will cause a down- 
ward left arm lead and a biphasic right arm lead, and so produce a 
downward deflection in the standard leads. Fig. 3, d, approaches such 
a pattern. 



Fig. 3. — Downwardly deflected QRS in cases of myocardial infarction, a, B. Z., 
5o-year-old ^Yhite man with signs of anterior and posterior myocardial infarctions. 
b, L. R.. 53-year-old white woman with signs of anterior and posterior myocardial 
infarctions, c. C. H-, 59-year-old white man with anterior Infarction and marked left 
axis deviation due to aneurysm of the left ventricle, d, W. N.. 54-year-old white 
-man witli posterior infarction and aneurysm of the left ventricle. 


Combined anterior and posterior infarction produces a Q in both the 
left arm and left leg leads, but does not necessarily cause reversal of the 
normal (-) potential in the right arm lead, which is necessary to produce 
the downward deflection in the standard leads. When, as wms pointed 
out above, the right arm becomes (-i-) because of the marked myocardial 
damage, the downward pattern in the standard leads occurs (Fig. 8, a 
and 6). Theoretically, marked right or left axis deviation in a ease of 
anterior and posterior infarction could also cause this pattern. 
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7. Golflbergor, Emunucl: A Simple Jilcctrocurdiogrupliie Indifa-ront Electrode of 

Zero Potential, and a Tediniciuc of tlhlaiiiing Augmented Unipolar Ex- 
tremity Leada (nV- Lcada), AM. IlB.tKT J. 23: -13;!, 19-12, 

8. Goldberger, Emauuol; The aVl, aVr, and aVf Leada, Am. IlEAiiT .T. 2-1; 378, 

19-12. 

9. Goldbergor, Emanuel: Studies on Unipolar Leads V. An Interpretation of 

A.xis Deviation and Veutrieulur iry[)ertioj)liy .Aji. IIeaut J. 28: 821, 194-1. 

10. G and Schwartz, S. 1*,: Studio on Unipolar lAjads. VI. The 

. . of Ventricular Aneurysm. 

11. Goldborger, Emanuel: The U.so and Advantages of .Vugmentod Unipolar Ex- 

tremity Leads (aV''- leads) in the Eiectrocardiogruphie Diagnosis of Myo- 
cardial Infarction (Coronary Thrombosi.s) and Acute Coronarv Disufficiency, 
Now A'ork State J. .Med. -43: 901, 19-43. 


AUbENDUM 

Uygeiil .studies of ours, u.sing multipie uuijtolar leud.s i'rom tlie .siaT’aee 
of the body in citses with a (iownward QRB, siiow that tiie biplia.sic QRS 
of the right arm lead can be cxplaimal by backward displacement of the 
ape-x of the heart, so that the right arm lead records potentials whicli are 
ordinarily found over the upper back. If this occurs in a markedly 
vortical normal heart, in .addition to a biplmsie right arm lead, the left 
leg will face the right ventricle, instead of the left ventricle, and will 
point downward, as will Leads f, II, and III. 

Studies in cases in which the right arm lead has an initial main (-r) 
detleclion indicate tliat tld.s may be due in pari to forward displacement 
of the aiiex of the lieai't, so that the (r) right arm lead is similar to uni- 
polar leads from tiie rigid upper chest and sternal regions. Although 
we had previously found this only in cases of infarction, we recently had 
one ease of right ventricular hypertrophy in which this occurred. 
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least 180° (where the left leg lead becomes isoelectric again). Theoret- 
ically, tlierefore, the possibility exists that extreme left axis deviation, 
without myocardial infarction, might also be able to produce a down- 
wardly deflected QRS. In such a case, the eleetiieal axis would have to 
rotate counterclockwise to at least -120° (wliere the left arm lead be- 
comes isoelectric again). Although we liave not seen any unequivocal 
cases of this type, Fig. 1, c, illustrates a ease of left axis de^dation in 
which this tendency was present. 


CONCLUSIONS 

Normal and abnormal standard lead electrocardiograms ordinarily 
have the QRS in one or more leads directed upward. This is due to the 
fact that, although the range of the electrical axis of these records en- 
compasses a vdde area, it does not completely circle the 360°. 

However, eases are beca.sionally observed in which the electrical axes 
do cover this range. Such eases fall into the following groups when 
studied with unipolar extremity leads: (1) jMarked right axis devia- 
tion, usually due to right ventricular hypertrophy. In most of these 
eases there is an S wave in the three standard leads. Occasionally, a 
small Ql is observed in association with a small QRSj. (2) Anterior in- 
farction in association with marked left axis deviation. Standard leads 
show a deep and a deep S.^ and S.,. (3) Posterior infarction in asso- 

ciation with marked right axis deviation. Standard leads show the Q, 
and Q;, which are characteristic of posterior infarction. (4) Combined 
anterior and posterior infarction. Standai’d leads show a Qi, Q... and 

Qv 

In these cases, the effect of axis deviation is particularly apparent 
in the unipolar extremity leads, especially the right arm lead. In the 
cases in which a shift in tlie long axis of tlie heart is responsible wholly, 
or in part, for the pattern, the right arm lead has a biphasie QR deflec- 
tion. 

In the eases in which extensive myocardial damage, and not any actual 
.shift in the 'long axis of the heart, is responsible for the pattern, the 
right arm lead has a C-r) R deflection. 


REFERENCES 


1. Bursteiii, J., aucl Ellenbogeii, L.; Eleetrocardiogiums in Which the Main Ven- 

tricular Deflection.s Are Directed Downward in the Standard Lead.s, Ail. 
Heart J. 16; 1 05, 1938. . .. r . 

2. Winternitz, il.: The Initial Complex of the Electrocardiogram After Infarc- 

tion of the Human Heart, Am. Heart J. 9: 016, 193-1. 

3. Schwartz, S. P., and Marcus, H. : The Electrocardiogram in Pulmonary Tubercu- 

losis. I. The Clinical Significance of Concordant Inverted Initial Ventricular 
Deflections in Patients With Chronic Pulmonary Tuberculosis, Am. Eev. 


Tuberc. 46: 35, 1942, 

4, Hurwitz, M. M., Langendorf, E., and Ivatz, L. N.: The Diagnostic QES 

Patterns in Myocardial Infarction, Ann. Int. Med. 19; 924, 1943. 

5. Wilson, F. N., Johnston, F. D., and Barker, P. S.: Electrocardiograms of an 

IJiiusuaL Tj'pe in Eight Bundle Branch Block, Ail. Heart J. 9: 472, 1934. 
6., Einthoven, W.; Weiteres fiber das Elektrokardiogramra, Pflfiger’s Arch. f. d. 
ges. Physiol. 122: 517; 1908. 




uitt-r; Case I. -I, Four standard iKids prior to 
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1. I.anatoside C in auricular tlutler 

Auricular rate. ap. 

of *^?nriVtnarffo Taken fifteen minutes after the 

so ^ .intrav-enously. Auricular rate, approximately 250. Ventricular rate. 

^'T i'<->ad IVP. C. Taken two hours after 

,V, / lanato.side C. Auricular rate, 70 ; ventricular rate, 70. Sagging of 

tne is-l segment in I>eads I, If, and IVK. 






PEOPHYLACTIC USE OP LANATOSIDE C IN AUEICULAE 
PAROXYS]\IAL ARRHYTHMIAS 

Ralph jM. T^vxdowsky, M.D. 

Los A>fGELES, Calif. 

INTRODUCTION 

D igitalis preparations, particularly the most recently isolated 
glycosides, have been used for some time in the abortive treat- 
ment of the paroxysmal auricular arrhythmias,’- Published accounts 
of this therapy pay little attention to the use of these digitalis bodies 
as a means of preventing freque 2 it recurrences of these disturbing- 
arrhythmias. This report is concerned, in the main, with this phase 
of therapy. Although the data presented are meager, the results ob- 
tained offer encouragement for further study. 

The use of lanatoside C"' orally in preference to other preparations 
of digitalis seems reasonable because this drug acts with rapidity, yet 
with minimal toxic effect, and retains its pharmacologic potency in 
vivo for at least twenty-four hours.-’ ® The effect of this drug has been 
demonstrated both eleetroeardiographically and clinically^ to be with- 
out variability, whereas other preparations of digitalis act with marked 
inconsistency.® Furthermore, the toxic effects of this drug, when ad- 
ministered over a prolonged period of time, are less than those of other 
digitalis preparations in common use.® 

JIECH-VNISn OF ACTION 

Digitalis and its derivatives have a tendency to slow the rate of the 
heart in auricular paroxysmal arrhythmias, and often restore normal 
rhythm. The effect is not unlike vagal stimulation. Slowing of the 
heart rate vdthout abolition of heterogenetic auricular activity, as 
demonstrated by the electrocardiogram (Pigs. 1 and 2), may be noted 
either before the termination of an attack or as a fleeting change dur- 
ing the coui-se of the arrhythmia. Digitalis acts directly on the heart 
muscle and indirectly by stimulating the vagus nerves. In the pres- 
ence of auricular fibrillation and flutter, the increase in “circus rate” 
attributed to the action of this drug is apparently due to increased 
vagal tone, wliich shortens the refractory period of auricular muscle. 
The slowing effect on the ventricle is apparently due to both direct 
and indii-ect depression of conductivity in the atrioventricular node. 
In the presence of paroxysmal auricular tachycardia and flutter, the 

Prom the aiedical W''ards of the Los Angeles General Hospital, College of Medical 
Evangelists’ Division. 

Heceived for publication March 20, 1944. 

♦Lanatoside C is marketed by Sandoz Chemical Works, Inc., under the name of 
Cedilanid. 
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effect of digitalis cannot very well be due to shortening of the refrac- 
tory period of axxrieular muscle. Its effect must depend on its nodal 
action, or on sonxe unknown action on the neuromuscular mechanism. 
It has been shown that digitalis acts upon auricular muscle by increas- 
ing its effective refractoiy period and by depressing its conductivity.'^'® 
The abolition of a paroxysm of tachycardia or flutter cannot well be 
due to this action, for the indirect vagal action of the drug upon 
auricular muscle and the effects of digitalization and vagal stimulation 
in these arrhythmias are similar. Little is Icnoxvn regarding the action 
of digitalis on the rate of impulse formation in auricular muscle. It 
seems logical to assume, with the limited knowledge at our disposal, 
that digitalis abolishes these arrhythmias by exerting some .effect on 
the nodal tissues. 

Clinical observation has proved the usefulness of rapidly acting 
digitalis glycosides in the theraijy of supraventricular arrhythmias, 
and, although their mode of action is still somewhat obscure, further 
'■iinical investigation offers the only method that will reveal the un- 
knoxvn physiologic factors. The frequency of recurrence of these 
arrhythmias is difficult to explain, but their appearance demands an 
efficient therapeutic investigation. It is hoped that this mode of ther- 
apy will receive more attention, and that the proce(5ure herein briefly 
outlined will offer a basis for further study, 

PROCEDURE 

With the exception of one, those under observation were known to 
have had recurrent attacks of auricular paroxysmal tachycardia and 
flutter. This was confirmed electrocardiographically. The immediate 
attack received first consideration, and was treated by giving lanato- 
side C in a dose of 1.6 mg. intravenously. After cessation of the parox- 
ysm, the drug was given orally, and the dose was determined by elec- 
trocardiographic (;riteria. It was felt that, when minimal sagging of 
the RS-T segment in one or more leads was present, there was ade- 
quate prophylactic saturation with the drug. This minimal effect on 
the electrocardiogram has been consistently demonstrated when lanato- 
side C has been administered.® It has been noted that, when this drug 
is given over a prolonged period of time in amounts in excess of that 
which produces the minimal electrocardiographic effect, premature 
ventricular contractions often produced disturbing symptoms. Each 
patient in this series was seen at least once every two weeks through- 
out the entire period of study. Careful historical data were gathered 
at each visit, particularly relative to untoward symptoms, produced 
either by the drug or by the recurrence of the arrhythmia. T^ose 
under observation were all ambulatory, and were allowed to carry on 
their normal environmental routines. In some, accessory medication 
was administered when necessary, and consisted, in the main, of mild 
sedatives such as the barbiturates or bromides. 

RESULTS OF STUDY 

Of the eight patients observed in this study, six had one or more 
paroxysms of auricular flutter, and two had frequent attacks of par- 
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•> — Lanatoside C in auricular flutter ; Case 5, A, Taken prior to administra- 
tion of drug. Auricular rate, apuroximately 250 per nnnuce. VentnculY rate, ap- 
DroxirticttGly 122 per iiiinutG. -B, Tak6n forty iiiinutGS fl.fter tlio administration of 1. 
mHaSside C totraVe^^^ Auricular rate, 62.-. Ventricular rate, 62 Per i«>nute. 
Note marked sinus effect with re-establishment of_ sinus rhythm. C, Taken six 
months after initial paroxysm. Patient receiving- O.o mg. lanatoside C dailj. Note 
minimah digitalis effect on the S-T segments. 
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oxyslual auricular tachycardia. With the exception of tiiree, there 
was evidence of organic heart disease, and this, in the main, indicated 
coronary artery disease, (^ne patient had rhguniatic carditis. The 
average age was 50.:i years. I*’ive were men ; tliree were women. The 
average time of observation was approximately'- fifteen months. Each 
patient was seen during a paroxysm, and thi.s paroxysm was treated 
with the full digitalizing dose of lanatoside U (1.6 mg.) inlravenou.sly ; 
in one case the drug was given orally (G.o mg.) over a period of forty- 
eight houi-s. Response to this medication, with re-establishment of 
normal sinus rhythm, occui-red in all cases within a i)eriotl of forty- 
eight hours. Immediately after the aflministration of the drug a pri- 
mary ventricular slowing ell'ect was noted (see electrocardiograms). 

It is interesting that, prior to the lanatoside C medication, the entire 
group averaged 4.2 paroxysms in a twelve-month period. Maintenance 
therapy' with lanatoside (1 over an average period of fifteen months 
reduced the incidence of recurrence to 0.37. The mainteiiance dose in 
all but one case tlid not exceed 0.5 mg. daily. Three of the patients 
had one recurrence of tachycardia during the period of observation. 
In one case a paroxysm followed an alcoholic debauch, in another it 
follow'ed discontinuance of the drug for a period of one week, and in 
the third the arrhythmia made its appearance immediately after lap- 
arotomy for gall bladder di.sease. The recurrences in all three were 
of extremely short duration, and each abated without special medication. 

The electrocardiographic effect of lanatoside C was observed in all 
of the cases, and this effect at no time abated until the drug was dhs- 
eontinued for a period of three days or more. This effect consisted 
of a slight sagging of the RS-T .segment, with or without flattening of 
the T wave. In three instancc.s, becau.se of general apprehension, it 
was necessary to give IVa grains of phenobarbital in divided doses. 
One patient received 30 grains of triple bromides daily, and two 
women, because of climacteric symptoms, received weekly injections 
of estrogenic .substance. One patient, because of impending peripheral 
neuritis, received 30 mg. of thiamin daily. 

The only untoward effect that could possibly be attributed to the 
use of this drug prophylactieally was the occurrence of ventricular 
premature contractions in thi’ee eases. 

SUMMARY 

It appears that lanatoside C in some unknown way'- reduced the re- 
currence frequency’^ of paroxysmal auricular tachy^cardia and flutter in 
eight eases from 4.2 in a twelve-month period to 0.37 in a fifteen-month 
period, following the use of the .same drug in full digitalizing dosage 
at the onset of an initial paroxy.sm. The amount of drug used prophy- 
laetically did not exceed 0.5 mg. daily in seven eases; in the eighth 
the dosage was 1 mg. Eleetroeardiographic evidence of the effect of 
the drug on the RS-T segment and T wave was noted. Associated 
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S0;ME OBkSBRVATIOXS on the syndroi^ie op short 
P-R TNTER^XAL WITH LONG QRS 

E. R. Hovitt, ^LD. 

Sax Fkaxcisco, OALii\ 

T he electroear(lio<'rai)lHc pattern of a short P-R interval ’svith long 
QRS has been well established, and many cases have been reported. 
It is the purpose of this article to review brictly the literature on the 
subject and add another case in wlucli there were certain unusual 
features not heretofoi-e described. 

UKVIKW or LlTEUATUKl-: 

Although the tii-st case was de.scribcd by Wilson,^ in 1915, the next 
in 1921, by Wcdd,= and the third in 1929, by Hamburger,^ credit for the 
fii-st systematic study goes to Wolrt, Parkiiison, and White, ^ who collected 
and reported eleven ea.ses and established the anomaly of short P-R in- 
tervals in a.ssoeiation with prolonged and aberrant QRS complexes as a 
clinical entity. Their work stiniulatod interest over all the world, with 
the result that there has been a .steady increase in the number of recorded 
eases since 1930. Pezzi® reported three eases in 1931; and Holzmazm 
and Seherf'^ reported two in 1932. Wolfertli and AVood" reported ten 
eases, and Sigler/ one case, in 1933; Roberts and Abranrson^ reported 
one case, Faxen,^'^ one, and Tung,“ five, in 1936 ; in the same year Cossio, 
Bereonsky, and Kreutzer’- reviewed twenty-seven cases from the litera- 
ture, added seven of their own, and analyzed the group statistically from 
the standpoint of age, sex, type of tachycardia, presence or absence of 
coincidental organic lieart disease, and eliangc to a normal electrocardio- 
graphic pattern. In 1937, Sizrague’^ reported one case and Bishop^^ de- 
scribed another, summarizuig to date the literature on the subject. Addi- 
tional cases were reported by Pines’® and Aloia and Inehanspe,’® in 
1938; in 1940 by Hunter, Papp, and Parkinson,’’ again by Wolicrth and 
AVood,’® and also by Levine and Beeson,’® in 1941; in 1942 and 1943 
one ease was reported by Dassen,®® one by Pox, Travell, and Alolofsk}',®’ 
one by Wood, AA’olferth, and Geckeleiv® and another by Clagett.®® 

In the first ease, reported by AVilson,’ that of a man, aged 23 years 
with attaelvs of paroxysmal tachycardia for eleven j'ears, the charac- 
teristic electrocardiographic abnormality appeared on stimulation of the 
vagus nerve, and, when spontaneous!}’' present, could be abolished by 
the administration of atropine. A somewhat similar electroeai’diographie 
anomaly was reported by AVedd,® and apparently also by Hamburger.® 

Published -with permission of the Medical Director. Veterans' Administration, -who 
assumes no responsibility for the opinion expressed or conclusions drawn by Oie 
author. 

Received for publication Afarch 21. lOn. 

7S 



77 


TANDOWSKY: PKOPHYLAGTIC USE OF LANATOSIDE C 

cardiac lesions in no way altered the result. The only untoward effect 
was the appearance, from time to time, of ventricular premature con- 
tractions. In three instances one i^aroxysm occurred recurrently, and 
in each of these a definite causative factor was established. The re- 
sults obtained constitute evidence of the value of this drug- for prophy- 
lactic therapy in cases of paroxysmal auricular tachycardia and flutter. 

COXCLUSIOXS 

1. Lanatoside C appears to be of value' prophylactically in the treat- 
ment of paroxysmal auricular tachycardia and flutter, provided the 
therapy is commenced by giving it intravenously to stop a paroxysm. 

2. The effective prophylactic dose varied from 0.5 to 1 mg. daily. 

3. Characteristic electrocardiographic changes may be used as a cri- 
terion of the effect of the drug. 

4. Lanatoside C, because of properties discussed in this article, may 
be considered preferable to other digitalis preparations for prophy- 
lactic therapy. 

REFERENCES 

1. Falir, G., and La Due, J. : A Preliminary^Investigation of the Therapeutic Value 

of Lanatoside C, Air. He.vrt J. 21; 133, 1941. 

2. Chamberlain, F. L., and Sokolow, M. : Clinical Experience With the Oral Ad- 

ministration of Cedilanid and a Comparison of the Oral and Intravenous 
Preparations of Cedilanid With Digitalis Purpurea, Ait. He.vrt J. 23: 245, 
1942. 

3. Rosenbluiu, H,, Biskind, G., and Krieger, H. E.: The Elfects of Repeated Ad- 

ministration of Lanatoside C on the Myocardium of the Dog, Air. Heart .T. 
24: 734, 1942. 

4. Tandowsky, R. M. : An Electrocardiographic and Clinical Study of Lanatoside 

G, Air. HE.ART J. 24; 472, 1942. 

5. Tandowsky, R. M., Anderson, Norma, and Vandeventer, J. K.: An Electrocardio- 

graphic and Clinical Study of Various So-Called Cardiac Drugs, Aii. Heart 
J. 28: 298, 1944. 

tJ. Vissclier, M. B., and Peters, H. C. : TJie Energy Metaboli.sin of the Heart in 
Failure and the Influence of Drugs Upon It, .Air. Heart J. 11: 273, 1936. 

7. Lewis, T., Druiy, A. N., and Iliescu, C. C.: Sonie Observations Upon Atropine 

and Strophanthin, Heart 9: 21, 1921. 

Lewis, T., and Drury-, A. N.: Revised Views of the Refractory- Period in Rela- 
tion to the Drugs Reputed to Prolong It, and in Relation to Circus Move- 
ment, Heart 13: 1926. 

8. Barker, P. S., Wilson, P. N., and Jolinston, F. D.^ The Mechanism of Auricular 

Paroxysmal Tachycardia, Ait. Heart J. 26: 435, 1943. 

9. Author’s observations during the last three years. 



so 


AMKKICAX UKART JOURNAI, 


second, third, and fourth deeadc.s. Not infrequently the history dates 
back to i)uberty or earlier, when the patitnit first began to experience 
periodic attacks of palpitation. However, in a number of case.s palpita- 
tion was never expcrienccck Among the arrhythmias which these per- 
sons are so prone to develop, paroxysmal auricular tachycardia ranks 
first; auricular fibrillation oceiu's considerably le.ss frc(juenl!y. Lately 
a tew case.s in which there were ))aroxysms of vi-iitricular. tachycardia 
have been described.*'' During the attacks of tachycardia of supra- 
ventricular origin the electrocardiogram invariably .sliow.s normal QRS 
complexes (except in tin* ca.se here rc-])orted. which is the only exception 
so far observed) . ^ 

The data on the ctTecl.s of atroi)ine and exerci.se are conflicting. Al- 
though in some ca.ses these methods of vagus inhibitioji aboli.sh the 
eh'ctrocardiograplnc abnormality, this i.s nof universal. Similarly, the 
effect of digitalis i.s not constant. 

Although there arc a few ca.ses in which organic licart disca.st* was 
pre.sent, the type of organic, involvement wa.s (piite divei-sc. and the 
organic heart disea.se, wlnm encountered, was proljably purely coinci- 
dental. 

The fact that the .syndrome is most frequently found in young per- 
.sons, and that there are sotne cases in whii-h rever.sal to the norma! 
electrocardiographic ])attern has been ob.scrvcd witli adva?icing age — as 
in Ca.se 9 of Wolfertli and Wood' and Case.s 3 and 8 of ‘Wolff. Parkinson, 
and White* — suggests that certain persons may ‘’outgrow" their eleetro- 
cardiograi)hic anomalie.s, i.e., the mechanism resi)on.sihle for the .short 
P-K interval and aberrant QRS comj>lox hccomos. for .some unknown 
rea.soti, less capable of functioning witli advancing years. 

The abundance of rei)orted eases i.s ]»ara]lelod only by a proi)ensity to 
expound the various theories which have been advanced to explain the 
electrocardiographic anomaly. No attenq)t will be made here to diseuss 
all these hypothe.ses, inasmuch as excellent reviews of the .sub.jeet have 
already aj)pearcd.'' ’■■ *’ Only two views will be briefly di.scussed, one 
because of its historical iuterc.st (Wolff, Parkin.son, and White), and the 
other (Wolferth and Wood) becau.se it appears to have established the 
explanation of the syudrome on a more .sound basis both experimentally 
and clinically. The case presented here is analyzed in the light of the 
latter theory. 

Wolff, Parkin-son, and White,* who have the credit tor the first 
systematic study of this electroeardiographie anomaly, believed that 
the phenomenon wa.s one of regular sinus rhythm with fuiietional intra- 
ventricular block. The latter was thought to he a vagal effect induced 
by excess vagal tone, slowing conduction through the bundle or one of 
its branches. They held the view that the .syndrome was a vagal effect, 
for, in their ca.ses, reversal to the normal electrocardiographic pattern 
took place on suppression of the vagal influenee by exercise or atropine. 
In addition, in one of their eases the abnormal elect rocai-diogram could 
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In the latter ease, that of a cliild aged 4i4 years who had an acute febrile 
iUness, the author assumed that the bundle branch block occurred as the 
result of the respiratory infection, and the short P-R interval was 
interpreted as part of a nodal tachycardia. . 

Thus the original observation by Wilson remained unnoticed for a 
period of fifteen years, until 1930, when Wolff, Parkinson, and White^ 
made similar observations. In the group of eases presented by these 
authors the folloMung characteristics were noted : (1) The patients were 
usually young, healthy persons without evidence of organic heart disease, • 
except for two cases in which organic heart disease was considered as 
purely coincidental. (2) Their electrocardiograms showed short P-R 
intervals (0.1 second or less) and ventricular complexes with certain 
characteristics suggesting bundle branch block (the QRS complexes were 
widened and slurred and the T waves might be opposite in direction 
from the main deflection of QRS). (3) In some eases both the P-R 
interval and the ventricular complex suddenly reverted to normal with- 
out change in contour or direction of the P waves. This might occur 
spontaneously or when the heart rate was increased by exercise or by 
atropine administration. When the heart rate slowed the abnormal 
characteristics might return. Vagal stimulation effected a return of 
aberrant complexes in one ease. (4) Patients in tliis group were par- 
ticularly liable to attacks of paroxysmal supraventricular tachycardia, 
during which the ventricular complexes invariably assumed a normal 
configuration. Thus, a sjmdrome of short P-R interval vdth long QRS 
became established as a clinical entity. 

In the group of cases studied by Wolferth and Wood,'' the following 
additional features were stressed: (1) The time from the beginning of 
the P wave to the end of the QRS complex was well within normal limits, 
despite the aberration of the ventricular complex. (2) If the P-R 
interval lengthened, the QRS complex simultaneously shortened to an 
equal extent. Consequently, in a given case the period from the begin- 
ning of P to the end of QRS remained substantially the same throughout, 
whether the electrocardiogram was normal or abnormal. 

In addition to atropine, quinidine was found by Roberts and Abram- 
soiP to change the contour of their patient’s electrocai’diogram from 
abnormal to normal, and a somewhat similar effect was produced in one 
of the eases reported by Scherf and Sehonbrunner-'^ by the administra- 
tion of large doses of digitalis, which caused disappearance of the ab- 
normal QRS complex. On the contrary, digitalis uniformly produced 
further prolongation of the abnormal QRS in the case studied by Pox, 
Travel!, and Molofsky.-' Finally, Hunter, Papp, and Parldnson re- 
ported eases in which the QRS complexes were intermediate in shape be- 
tween the normal and the aberrantly long QRS complexes. 

This syndrome usually occurs in young persons, and is more common 
in males than in females. It has been found in persons of aU ages (from 
early childhood to the seventh decade), but most frequently in the 



82 


AMERICAN HEART JOURNAL 


(2) The premature invasion of a certain section of the ventricular musch 
by this impulse causes a lengthening of the QRS complex at the expens( 
of the P-B interval. (3) In some cases conductivity in the aberran 
bundle may not be highly developed. Consequently, when impulses bom 
bard it at a rapid rate, as during paroxysmal tachycardia, it may fai 
to function. This seems to offer an explanation for the transition fron 
abnormal to normal complexes which is usually observed during th( 
periods of .supraventricular tachycardia. (4) Since Kent showed ii 
rats that retrograde conduction was possible through the “right latera 
bundle,” therefore, “under certain circumstancas a retrograde impuls( 
m these individuals might travel from ventricle to auricle at a tim( 
when the physiological state of the auricular muscle would favor th< 
inception of an abnormal rhythm.” Thus the mechanism of productior 
of arrhythmias as a part of the syndrome was explained. (5) In theii 
eases the authors observed that, with change from the short P-B interva 
and long QRS complex to a normal P-R interval and QRS complex 
the duration of the interval from the beginning of the P wave to tin 
end of the QRS complex tended to remain constant. On the basis o: 
their theory the interpretation of this particular observation would b( 
dependent on the fact that, since conduction through the junctional tis 
sues (the node of Tawara and the bundle of His) Ls not interfered with 
the variable factor of early aberrant conduction from auricles to ven 
trieles would be responsible for alteration in the duration and forn 
of the initial portion of the ventricular complex in direct correspondene< 
with the prematurity of arrival of the aberrant impulse in the ven 
tricular muscle. (6) If earl}' transmission of the hnpulse by way o^ 
Kent’s bundle is responsible for this sj'ndrome, there .should be definite 
asynchronism in the contraction of the tAvo ventricles. Evidence of suel 
asynehronism the authors find in the electrocardiograms (aberrant 
slurred, long QRS complexes), in the marked reduplication of the fii^sl 
heai’t sound Avhieh was noted in two of their eases, and in the study oi 
jugular phlebograras. Although at first they held that the right ven- 
tricle Avas the first to be activated," in conformance Avdth the anatomic 
observations of Kent, later^® the authors conceded that in some eases 
the left ventricle could be actiA’ated first. This might necessitate re 
vision of ideas concerning the anatomic location or locations of tin 
aberrant pathAvay. 

The theory of Wolferth and Wood finds support in recent observa- 
tions of both anatomic and physiologic nature. Glomset and Glomset-* 
maintained that they Avere able to demonstrate accessory neuromuscular 
connections betAveen the auricles and ventricles, and the hypothesis oi 
aberrant auricular conduction found experimental support in the worl 
of Butterworth^s and Buttexworth and Poindexter,^® AA'ho short-circuited 
the normal conduction system thr-ough an amplifier and produced ven 
tricular asynehronism Avith the electroeardiogr-aphie picture of shorl 
P-R interval and long QRS. At the same time, reversal of transmissior 
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be reproduced by vagal stimulation, and thus tliej' repeated the original 
observation made by Wilson in 1915. However, in eases reported by 
other workers, the effect ot' vagal release on the electrocardiogram with 
a short P-R interval and long QRS has not always been the same. Be- 
sides, this hypothesis would imply a ‘‘paradoxical effect” of vagus tone, 
with the simultaneous exerci.se of two diametrically opposed influences, 
one accelerating conduction between auricles and ventricles, resulting in 
shortening of the P-R interval, the other retarding conduction through 
the biuidle of His in the ventricles, giving rise to the lengthening and 
aberrant configuration of the QRS complex. The theory also implies 
that the vagus nerve may influence intraventricular conduction. Changes 
in the ventricular complex during stimulation of the vagus nerve in dogs 
were produced by Hering,-’ but they were in the amplitude, not the 
duration, of the QRS complex. Ritchie-® similai-ly found that, in human 
subjects, stimulation of the vagus nerve did not effect any change in the 
duration of the QRS complex. 

Wolferth and Wood' presented ten cases, in none of which did “vagal 
release” with atropine cause reversal to a normal electrocardiogram. 
Neither did vagus stimulation lead to return of the abnormality in the 
case in which spontanoeus restoration of the normal P-R interval and 
QRS complex occurred. These observations, in conjunction with cer- 
tain other considerations, discredited the theory of Wolff, Parkinson, 
and White, and started these authors on a search for a. different explana- 
' tion. They postulated that there was some aberrant conduction bundle 
between the auricles and ventricles, and that it was able to transmit 
impulses. With this as a premise, they argued that the syndrome repre- 
sented normal sinus rhythm, with conduction by a direct and shorter 
pathway between the sinus node and the ventricles, which resulted 
not in block or delay, but in an early arrival of the auricular impulse 
in the ventricular muscle. The abnormality was pi-esent when the 
impulses passed through this aberrant path, and the normal pattern was 
restored when the impulses returned to the normal pathway. They 
found support for their theory in the report of Kent,-' who described 
a structure bridging the aui-iculoventricular groove at the right lateral 
border of the heart of the rat, connecting the right auricle and right 
ventricle, and subsecpiently referred to as the bundle of Ivent. Lewis dis- 
credited the idea that any such bundle would be capable of transmitting 
impulses from auricle to ventricle, and the bundle of Kent temporarily 
fell into disrepute, only to be recently revived in this country by 
Wolferth and Wood, and independently in Germany by Holzmann and 
Scherf.® 

Wolferth and AVood,"’ firmly believe that the bundle of Kent or 
“some analogous structure” offers a satisfactory explanation of the 
phenomenon of short P-R interval and long QRS. They cite some rather 
convincing evidence in support of their view: (1) The shortness of the 
,P-R interval is due to the short, direct pathway from auricle to ventricle. 
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Urinalysis showed the presence of 1 plus albumin and occasional easts. 
The hemoglobin was 14.6 grams. The leucocyte count was 12,550, with 
65 per cent polymorphonuclear leucocytes. The blood serologic reactions 
were negative. A i-oentgenogratn of the chest showed cardiac enlarge- 
ment ; the greatest transverse tliamcler of the cardiac silhouette measured 
17.5 cm. inside the ril) cage of 30.5 cm.» There was a tittle mottled central 
lung density which was interpreted as evidence of pa.ssive congestion. 
The electrocardiogi'am is I'cproduced in Fig. 1. 

Although clinically it was thought that the patient had auricular 
fibrillation with a ventricular rale of about 170, the electrocardiogram 
was at first interpreted as indicating ventricular tachycardia. It may be 
mentioned in passing that the tracing was e.xamined hurriedly in the 
dark room immediatel.v after develo|)ing. 7’he i)atient I’cceived 30 grains 
of {{uinidine within a ijeriod of about eighteen hour.s, and the following 
mornifig was found to have regular rhythm with a rate of SO. Un- 
fortunately. no electrocardiogram was taken at that time. A main- 
tenance dose of 9 grains of the drug a day was administered without any 



Fig. 1. — Electroeartliogi-ani taken June IG. 1943. 


change in rate or rhythm for several days. However, on June 23 tlie 
tachycardia recurred. The dose of tiuinidine was then increased to 24 
grains a day, and. four days later, on June 26, the rhythm again became 
perfectly regular, with a rate of 70. The electrocardiogram (Fi.g. 2) on 
that day revealed regular sinus rhythm with a short P-R interval and 
aberrant QRS comiilex. In spite of a daily dose of 9 grains of quinidine, 
the tachycardia recurred once more on June 29. The tracing taken at 
that time was quite similar to the one taken on the day of admission. On 
re-examining the electrocardiograms it was found that the rhythm was 
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from ventricle to auricle caused typical auricular taeliycardia, tlins 
lending weight to the theory of Wolferth and Wood on the origin of 
paroxysmal tachycardia in this syndrome. Finally, in .1943, Wood, , 
Wolferth, and Geckeler,-- by anatomic examination of the heart of a 
child who had had this syndrome, were able to demonstrate an accessory 
bundle. 

If we accept the aberrant pathway explanation, the demonstration that 
there is vagal influence in some eases may be interpreted to signify that, 
with increase in vagal tone, conduction through the normal junctional 
tissue is slowed or suppressed, and then proceeds through the aberrant 
bundle. With abolition of increased vagal tone in selected eases by 
means of exercise or atropine, conduction returns to the junctional tissue 
of the node of Tawara and the bundle of His. Wolferth and Wood 
thought that the vagus was a factor in determining whether or not the 
syndrome was present, depending on the influence of the vagus nerve 
on cardiac rate '‘so that if the cardiac rate were rapid the accessory tract 
might fail to conduct, whereas if it were slower this tract might be able 
under such circumstances to transmit an impulse.’’ 

REPORT OP CASE 

W. A., a 57-year-old white American, a motor mechanic by occupation, 
was admitted to the hospital June 16, 1943, complaining of dyspnea. 
He had been in this hospital in 1941 for treatment of an upper respira- 
tory tract infection, and stated that he left the hospital feeling well and 
continued in good health until about a year prior to this admission, when 
he first noticed dyspnea on lifting objects weighing up to 60 pounds. 
The exertional dyspnea became progressively more marked until, during 
the preceding few months, he would get breathless when he wallced at a 
moderate pace on level ground. Three weeks prior to admission he had 
to give up his work and stayed around the house. He became subject 
to attacks of paroxysmal nocturnal dyspnea. A few days before admis- 
sion he had a fainting spell 'not preceded by any aura and not accom- 
panied by any convulsions, tongue biting, or loss of sphincter control. 
On the day of admission he went to a doctor who called his attention to 
the fact that his legs were swollen ; he had failed to notice this himself. 
There was no history of any anginal pain. Except for the usual child- 
hood diseases, he gave no history of any other serious illnesses. He 
stated that he had enjoyed good health all his life. He was operated on 
for a dislocated semilunar cartilage in the left knee in 1933. He denied 
venereal infection. 

The patient was a well-developed, obese white man who was slightly 
dyspneic at rest and had some cyanosis. The heart borders could not 
be percussed because of the thick chest wall. The heart tones were of 
poor quality and distant. The heartbeat was rapid and irregular. No 
murmurs were heard. The radial pulse was of poor quality and ir- 
regular, with a pulse deficit of about 50. The radial arteries were not 
palpably thickened. The blood pressure was 130/90. There was dullness 
at the bases of both lungs, with some diminution in breath sounds, but 
without any rales. The liver was enlarged and slightly tender; its edge 
extended three to four fingerbreadths below the costal margin. There 
was moderate edema of both legs up to the knees. 
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really Jiurieular fibrillation rather than ventricular tachycardia, and it 
was decided to digitalize the patient. Hea\w dose.s of digitalis were 
administered, but, after the patient imd received 89 grains of the drug 
in four days and was beginning to complain of nausea, a peculiar 
phenomenon Avas observed. Tlie rhythm became evoji more irregular, 
as revealed by aiLseultation, and the electrocardiogram (Fig. 3) taken 
July 2 .showed periods of ventricular a.sy.stole. It was thought that this 
might be due to the vagal effect of digitalis, and it was, therefore, decided 
(on July 3) to give the patient 20 minims of tincture of belladonna 
four times a da}", in addition to digitalis. On July 5 the rate was found 
to be only about 54, with an irregular irregularity, and the electro- 
cardiogram (Fig, 4) showed auricular fibrillation with a slow ventricular 
rate, but this time with a QRS which was normal in duration. In spite 
of continuation of the same therapy the rate returned again to what it 
was before the administration of belladonna, and the electrocardiogram 
closely resembled the one in Fig. 3. TJic patient complained of nausea 
and anorexia, and refused to eat or take any medicine. He left the 
hospital July 27 feeling better than he did on admission ; the peiipheral 
edema was entirely gone. He left against medical advice. 



Fig. 1. — Electrocardiogram taken July 5, 1913. 


Tlie patient Avas readmitted Sept. 22, 1943, at which time he stated 
that after leaving the hospital the previous July he continued taldng 
digitalis in doses of lYo to 3 grains daily and felt “tolerably aa'cII” until 
three days before admission, AAdieii his dyspnea became more marked 
and he also noticed recurrence of SAvelling around the ankles. 

It AA"as observed that he had lost .some Aveight, Avas someAAdiat dyspneic 
at rest, and had some cyanosis and slight pretibial edema. On ausculta- 
tion of the heart the rhythm was found to be irregular, Avith an apical 
rate betAveen 160 and 170 and a pulse deficit of SO. The edge of the 
liver could be felt about 6 finger breadths beloAv the costal margin. The 
electrocardiogram Avas similar to the one in Fig. 1. 

-As it had abeady been observed that digitalis, even AA"hen pushed to 
the point' ‘of toxicity, Avas of no avail, it Avas decided to ti'}" another 
course of quinidine therapy. It Avas thought that possibly an in- 
sufficient amoiuit of the latter drug was administered on tlie previous 
admission, and that the desired effect might be brought about Avitli larger 
doses. This contention Avas Avell borne out by the subsequent course, for, 
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Fiff. 2. — Electrocardiogram taken June 26, 1943. 
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was functioning. It is also interesting that, with the administration of 
tincture of belladonna in conjunction with digitalis for the purpose of 
eliminating the possible vagal effect of tlie latter drug, whicii was be- 
lieved to be responsible for the short j)eriods of complete A-V block 
with ventricular asystole (Fig. 3), the other possible effect of increa.sed 
vagal tone, ])resumably responsible for the ('onduction of impulses 
through the aberrant bundle instead of the normal junctional tissue, 
seems to have also been abolished by belladonna, thus leading to the re- 
turn of the QRS to normal (Fig. -t). 

Although digitalization does not always slow the venti-icular rate in 
all cases of auricular fibrillation, such slowing is practically the rule in 
eases of uncomplicated auricular fibrillation with congestive heart fail- 
iire. This ])atient (piite obviou.sly had congestive failure, but digitalis 
in massive doses did not produce the expected result.s. Since the QRS 
complex during the tachycardia maintained its aberrant fonn, it may 
be concluded that, contrary to what is usual in othei’ cases, in this in- 
stance the auricular impul.ses were conducted through the aberrant 
bundle. If this is true, the corollary would be that digitalis may be in- 
effective in slowing conduction through the abnormal i)athway between 
the auricles and ventricles. 


COXCLUSIOX.S 

A consideration of the data in this case brings out two features: 
(1) The aberrant bundle may be able to conduct the auricular impulses 
during the periods of supraventricular tachycardia in cases of short 
P-R interval and long QRS complex, thus leading to preservation of the 
aberrant QRS complex during such attacks. (2) Digitalis may not 
exert any influence on the aberrant bundle, and the well-known effect of 
slowing of conduction through the normal junctional tissue by this drug 
may not be shared by the tissue of the abnormal pathway. 
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after the administration of 54 grains of qiiinidine within the first twenty- 
foiir-honr period, regular rhythm was restored with a rate of 70 per 
minute. The electrocardiogram showed sinus rhythm with a short P-R 
interval and an aberrant, prolonged QRS; the tracing was quite similar 
to the one in Pig. 2. In the next twenty-four-hour period 24 grains of 
quinidine were given, followed from the third day on by a maintenance 
dose of 3 grains four times a day for five da 3 \s, and then of 3 grains three 
times a day. "When the dose was reduced to 3 grains twice a day, extra- 
systoles appeared. On resumption of the three times a day schedule for 
quinidine, uninterrupted sinus rhythm was readily restored and main- 
tained indefinitely. 

In addition, the patient was also given digitalis, for it was believed 
that his cardiac decompensation Avas not due exclusively to the tachy- 
cardia, but that there was also organic hcai’t disease, presumably arterio- 
sclerotic. There ensued a quite satisfactory and well sustained improve- 
ment. The patient felt fine, the greatest transverse diameter of the 
heart shadow decreased 2 cm., and all symptoms and signs of decompensa- 
tion disappeared, with the exception of some hepatic enlargement. The 
latter was thought to be due to the irreversible changes of cardiac 
cirrhosis. The patient was discharged from the hospital Oct. 26, 1943. 
At home he continued taking 3 grains of quinidine three times a day 
and 114 gi'ains of digitalis daily. He returned tAvice, at monthly 
intervals, and his condition AAms foiuid to be quite satisfactory; the 
rhythm Avas perfectly regular; Avith a rate of betAveen 70 and 80. 


COaiMENT 

This case presents certain interesting and rather unusual features. 
The underlying organic heart disease introduces a complicating factor 
in the consideration of the problem. It must be conceded that there is 
a possibility that the arrhythmia Avas secondary to heart disease and 
Avas independent of the electrocardiographic anomaly of short P-R in- 
terval and long QRS. HoAvever, there are reasons to believe that the 
arrhythmia Avas definitely related to the latter. With this as a premise, 
the unusual features obser A’-ed in this ease Avere : ( 1 ) preservation of 

the abnormally long and aberrant QRS during the period of arrhythmia, 
and (2) the response to digitalis therapy. 

It Avill be recalled that, in previously reported cases, return of the QRS 
complex to normal' AAuth the onset of tachycardia of supraventricular 
origin Avas the rule. The iiwariable return of the aberrant QRS to 
normal is explained by the hypothesis tluit the anomalous conduction 
pathAvay may not be sufficiently developed to be able to coiiAmy the 
auricular impulses Avhen they bombard it in rapid succession.' The ease 
here presented constitutes an exception to that rule, for the QRS com- 
plexes retained their abnormal length and configuration during the peri- 
ods of auricular fibrillation; in fact, the duration Avas longer then than 
at other times. This raises the question as to Avhether the entire excita- 
tion of the ventricles did not proceed by Avay of an accessory tract. The 
less likely alternative Avould be that left bundle branch block (functional) 
Avas present during the tachycardia, and that only the usual patliAvay 



CONGENITAL HEAET DISEASE: TRICUSPID ATRESIA AND 
jMITRAL atresia ASSOCIATED WITH TRANSPOSITION 
OP GREAT VESSELS 

Report of Two Cases 

L. J. .ALvnhoff, Jr.,« 3r.D., AXD J. S. Howe, M.D. 

Riciiaiond, Va. 

A tresia of the IrieuspicI or miti'al valve is a rare abnormality of 
the iieart. ^Maiide Ahi)ott‘ found twenty-five eases of tricuspid 
atresia in her analysis of 1,000 eases of eonsrenital cardiac disease. Six 
other cases have been reported since that time, including two eases by 
Taussig,- in 1936, and one each by Brown,^ in 1936, Roberts,^ in 1937, 
Gibson and Clifton.'' in 1938, Sakaki,“ in 1938, Harris and Farber,' in 
1939, and Holder and Pick,^' in 1939, making a total of thirty-three cases 
in the literature. In 1939 Harris and Parber eolleeled twenty-five cases 
of mitral atresia, and three further eases were reported by Gibson and 
Clifton, ° in 1938, AValls,® in 1941, and Ivrumbhaar,’'' in 1942, making a 
total of twenty-eight eases. When these lesions are a.ssoeiated with tran.s- 
position of the great vessels they prc.sent veiy interesting features clin- 
ically, anatomically, and embryologically. 

We wish to report two eases, one of tricuspid atresia with pulmonary 
ati’esia and transposition of the aorta, and the other of mitral atresia 
with complete transposition of the great ve.ssels. A search of the lit- 
erature reveals no case in which there were the same combinations of 
anatomic defects as either of these. 


REPORT OF cases 

Case 1. — Tricuspid and pulmonary atresia, with dextroposition of 
aorta and a.ssoeiated defects. 

This white female, aged lYz months, was born b.v an uncomplicated 
delivery on Sept. 17, 1940. Shortly after birth, cyanosis became evident 
and was present throughout life. At the age of 7 montlis she developed 
symptoms of a cold, with progressive cough and respiratory distress, and 
two weeks latei', on April 30, 1941, she was brought to the Pediatric 
Out-patient Clinic of the Medical College of Virginia. Examination re- 
vealed dyspnea, cyanosis, and clubbing of the fingers and toes. There 
was slight injection of the pharynx and tonsils, and a few rhonehi were 
heard in both lungs. Her heart was enlarged to the left, but no mur- 
murs were heard. The erythrocyte count was 6,430,000 ; the hemoglobin, 
113 per cent; and the leucocyte count, 10,300, with 55 per cent poly- 
morphonuclears and 45 per cent hunphocytes. A roentgenogram of 
the chest showed a moderate!}^ enlarged heart, with a cardiothoraeie 
ratio of 51 per cent and a transverse diameter of the gi-eat vessels of 3.8 
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hypertrophied; its wall 
interventrieular septum 
was a defect in its base 
ventrich' was small and 


The left ventricle was greatly dilated and 
measured 6 mni. in thickness at (lie base. The 
was deflected obliciuely to the right, and there 
Avhich measured 1 cm. in diameter. The right 
aplastic; its cavity was little more than a narrow slit. Its wall measured 
3 mm. in thickne.ss. The aorta overrode the interventricular septal de- 
fect more to the right than to the left, so that it arose two-thirds from 
the right ventricle and one-third from the left ventricle. It was mod- 
erately dilated at its origin, where it measured 4 cm. in circumference. 
There were three aortic cusps, an anterior and a right and left posterior, 
with small fenestrations of each of the valve cusps. There were two 
coronary arteries; the left coronary arose from the sinus behind the left 
posterior cusp, and the right aro.se from behind the single anterior ciLS]). 
The aorta coursed uj)ward normally and gave off its usual branches, 
including the ductus artcrio.su.s. which was widely patent. Proximal to 
the ductus arteriosus the ])ulmonary arteiy be-ame suddenly narrowed 
into a tbin fibroins cord which did not reach the ba.se of the heart, but 
di.sa])peared 5 mm. from the right ventricle. Ivxamination of the right 
ventricle failed to .show any evidence of a pulmonary orifice. 

Fig. 1 is a diagrammatic drawing which shows the e.s.sential features 
of the structure of this heart, and al.so demonstrates the course of blood 


flow through the heart, 
disease was as follows; 
of the pulmonary artery 
the right ventricle, (5) 


The complete anatomic diagno.si.s of the heart 
(1) atreshi of the tricuspid valve, (2) atresia 
(3) dextroposition of the aorta, (4) aplasia of 
hypertrophy of the left ventricle, (fl) inter- 
auricular septal defect; i)orsi.stent ostium secundum, (7) interventricu- 
lar septal defect, (S) patent ductus artei-io.su.s, and (9) fene.strations of 
aortic valve cusps. 


DISCUSSION OK CASK 1 

Tricuspid atresia is sometimes found as a single defect, but in the 
majority of cases thei'e are many a.ssociated alteration.^ in the architec- 
ture of the heart. Defects of the interatrial and interventrieular .sepia, 
as well as hypoidasia or aplasia of the right ventricle, are almost con- 
stantly present, and transposition or pulmonary atresia is (piite often 
associated with absence of the tricuspid valve. An interauricular com- 
munication is essential for the maintenance of blood flow, and the inter- 
ventricular septal defect may be helpful in shunting blood into the 
pulmonary circulation in cases in which tlie pulmonary artery is patent. 
In eases in which the pulmonary arteiy is atretic, patency of the ductus 
arteriosus is necessary to bring blood into the pulmonary tree. 

Cyanosis is explained by the admixture of arterial and venous blood 
(Lundsgaard’s oc factor), and by peripheral capillary stasis (Lunds- 
gaard’s D factor) which is incident to the increased back pressure on 
the- venae cavae caused by the closure of the tricuspid orifice. The ab- 
sence of murmurs in this case at first seems surprising, but may be read- 
ily explained. The only malformations in this heart which could be ex- 
pected to produce a murmur were the patent ductus arteriosus and the 
interventricular septal defect, but since these openings were so large 
that they did not produce any obstruction to the blood flow, and since 
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centimeters. A preliminary diagnosis of congenital heart disease was 
made, and she was referred to the child cardiac clinic. However, the 
night before her appointment she developed severe respiratory distress, 
and the family physician was summoned. On his arrival the infant had 
ceased breathing, but he was able to revive her with mouth to mouth 
artificial respiration, and immediately sent her to the hospital emergency 
room. Examination there revealed the same abnormalities as before, 
plus extreme respiratory distress. Oxygen was administered without 
benefit, and she died two houia later. The clinical diagnosis was con- 
genital heart disease with cardiac failure. Autopsj^ revealed, in ad- 
dition to the cardiac abnormalities, pulmonary congestion and edema 
and passive congestion of the viscera. IMicroscopie examination of the 
heart showed fragmentation and vacuolization of the muscle fibers. 



Gross Bescri%)Uon of the Heart — The heart weighed 45 grams and was 
obviously enlarged. Its apex was directed downward and to the left. 
The two auricles were of equal size; the right received . the venae eavae 
and the coronaiy sinus, and the left received the pulmonary veins. The 
apex was formed by the left ventricle, Avhich was greatly enlarged, and 
occupied tlu'ee-fourths of the anterior surface of the heart, whereas the 
right ventricle was extremely small and flattened against the right side 
of the left ventricle. 

The right auricle was normal in size and showed no appreciable hyper- 
trophy. There was no evidence of a tricuspid valve; the floor of the 
auricle Avas completely closed by a smooth, sliglitly indented fibrous 
membrane. The only outlet of blood from the right auricle Avas through 
a defect in the upper part of the interatrial septum; this measured 1 
cm. in diameter, and represented the ostiimi secundum of the septum 
primum. The septum secundum Avas not present. There Avere also 
numerous small perforations at the base of the septum Avhich measured 
from 1 to 3 mm. in diameter. The left auricle Avas normal in size, and 
opened into the left ventricle through a normal, bicuspid mitral valve. 
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FarlaucP- reported a ease in winch there was a rudimeiitaiy right-sided 
aorta, tliereby substantiating an important link in Spitzer’s theory. 
Spitzer’s eoiicepts are based on studie.s ol' phytogeny as well a.s ontogeny, 
and also emphasize the importance of torsion in the development of the 
heart and the influence of hemodynamics in producing this torsion and 
affecting the development of the cardiac septa. In the normal heart 
there is a 180-degree clockwise rotation of the conus arterio.sus. If this 
rotation fails to occur the aorta will arise from the right side of the 
heart. Dextroposition of the aorta therefore results from a partial fail- 
ure of this rotation and repre.sents the first stage of delorsion. Spitzer 
interprets this right-sided aorta as a persistence or reopening of the 
right-sided aorta of reptilian hearts, rather tluui as an actual migration 
of the aorta from the left to the right ventricle. This misplacement of 
the aorta infringes upon the pulmonary artery, retarding its develop- 
ment and producing stenosis or atresia. An accompanying rotation of 
the valve cusps re.sults in two posterior cusps and one anterior cusp. The 
left posterior cusp, from which the left coronary aidses, corresponds 
to the normal left anterior cusp, and the single anterior cusp, from 
which the right coronary arises, corresponds to the normal right an- 
terior cusp. The proper development of the individual cardiac septa 
depends upon their lying along the lines of force of the blood stream, 
so that when the direction of the blood stream is altered there is neces- 
sarily an alteration in their formation. In the case of the overriding 
aorta it is usually the septum aorticum and the upper part of the inter- 
ventricular septum which suffer', thereby producing a defect in the base 
of the interventricular septum. 

C.vSE 2. — [Mitral atresia with complete transposition of great vessels 
and associated defects. 

This colored female infant, weighing 5 pounds 10^/* ounces, was born 
in the St. Philip Hospital of the jMedieal College of Virginia on Aug. 7, 
1941. She was the thirteenth child of the family, and no history was 
obtained of congenital defects in the previous siblings. At birth a large 
umbilical hernia was present and slight cyanosis was noted. On physical 
examination the breath sounds and heart sounds were of good quality, 
and immediate operation was advised. Three hour's after bii’th the 
hernia was repaired without difficulty under local novoeaine anesthesia, 
and the infairt appeared fo be in good condition. Six hour's later the 
cyanosis increased and she vomited her first feedings. Fluoroscopic 
examination of the chest r-evealed a moderately eirlarged heart, with 
widening and pulsation of the mediastinum. The impression of the 
radiologist was congeirital anomaly of the heart and aorta. Stimulants 
atrd fluids subcutaneously were given, but respiration became more 
difficult and the infant died thirty-five hours after operatiorr. The 
clinical diagnosis was congenital anomaly of the heart and aorta, with 
pulmonarj’- atelectasis. Autopsy revealed, in addition to the cardiac 
abnormalities, pulmonary edema and marked chronic passive congestion 
of the liver and lungs. 

Gross Description of the Heart . — The heart was grossly enlarged, and 
there was moderate dilatation of both ventricles; the right ventricle was 
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there was no difference in the pressure on either side of these openings, 
no cardiac murmur was produced. In fact, the absence of murmurs 
is very helpful in the clinical diagnosis of tricuspid atresia, and Taussig^ 
points out that the diagnosis can be definitely established when it is ac- 
companied by pulmonary atresia and aplasia of the right ventricle. 
Persistent cyanosis with lack of cardiac murmurs narrows the field of 
differential diagnosis, roentgenologic studies demonstrate absence of the 
right ventricle, and the electrocardiogram shows left ventricular pre- 
ponderance, thereby establishing the diagnosis. In addition, pulsation 
of the liver indicates that the foramen ovale is small and that the heart 
functions as a trilocular, rather than a bilocular, heart. 

The mechanisms involved in the formation of this heart have many 
interesting aspects, some of which may be satisfactorily explained, but 
others we can only attempt to explain. The embryologic development 
of tricuspid atresia is sometimes ascribed to fetal endocarditis, especially 
when rudimentary and apparently fused valve leaflets are present, and 
when microscopic study reveals evidence of endocarditis. In this ease, 
however, in which the valve was replaced by a smooth fibrous membrane, 
it seems more reasonable to consider it a true maldevelopment due to 
hypertrophy and resultant fusion of the fetal endocardial cushions 
which are the anlages of the valve leaflets. After this fusion occurred, 
there would be a constant flow of blood from the left to the right auricle 
Avhich would prevent the closure of the interatrial defect, in this case the 
ostium secundum. Embryologically, the interatrial septum is first 
formed by the septum primum, which grows downward from the roof of 
the common auricle. The ostium primum is present as a defect in its 
base, but, as this becomes closed, the septum recedes from the roof of the 
auricles and the ostium secundum is formed. The septum secundum 
then forms along the right side of the primary septum, and a defect 
arises in its midportion which is known as the foramen ovale. The up- 
per part of the septum primum acts as a flap for this foramen, and, 
after birth, fuses with it to form an intact interatrial septum. There- 
fore, if a defect is present in the midportion of the septum it should be 
considered a foramen ovale, if in the upper portion, the ostium sec- 
undum, and if in the lower portion, the ostium primum. 

Transposition has been the most widely discussed congenital anomaly 
with respect to its embryologic formation, -and is the most complicated 
and most difficult to explain. Harris and Farber^ have reviewed the 
various theories, from that of Kurschner, in 1837, and Rokitansky, in 
1875, to that of Spitzer in 1919 and 1921. More recently, Bremer” pro- 
posed a new theory based on the study of very early embryos. At pres- 
ent the explanations given by Spitzer are the most widely accepted and 
have received much support in recent literature. Harris and Parber' 
give a detailed account of Spitzer ’s views and report seventeen cases 
of transposition which support his theory. In 1941, Liebow and Me- 
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oi' mitral valve, (2) complete transposition oi' the aorta and imlmonary 
artery, (3) aplasia of left auricle, (4) defect in midportion of inter- 
ventricular septum, (5) larf?e defect in interaurieular septum (patent 
foramen ovale), (6) hypertrophy and dilatation of rif?ht ventricle, (7) 
marked dilatation of rigid auricle, and (S) patent ductus aiteriosus. 

nisei 'SSIOX OK CASK 2 

Atresia of the mitral valve is frequently associated with other struc- 
tural defects of the heart, most commonly with aplasia of the left ven- 
tricle and hypoplasia of the aorta, or with some form of trans])osition 
of the great vessels, usually dextroposition of the aorta. This ease is 
unusual in that there was complete transposition of the aorta and 
pulmonary ai*tery, with an aplastic left auricle and a I’elatively normal- 
sized left ventricle. The left ventricle received a considerable volume of 
blood through the large interventricular septal defect, and supplied this 
blood to the lungs through the pulmonary artery, so that its function 
was sufficient to allow it to develop in spite of the closure of the mitral 
valve. The tremendous dilatation of the right auricle was probably duo 
to two t'aetoi-s. Some dilatation was undoubtedly caused by the in- 
creased volume of blood that it carried, as it was, in effect, the only 
functioning auricle, and this dilatation was exaggerated by the cardiac 
failure. 

Although this heart falls in the group with cyanosis, cyanosis was 
not present at birth, and congenital heart disease was not suspected un- 
til the cyanosis developed postoperatively. Fluoroscopic examination 
showed evidence of some anomaly of the great ve.ssels, but, since the 
left ventricle was not aplastic, the mitral atresia was not suspected. The 
cyanosis in this ease was also contributed to by the « and I) factors of 
Lundsgaard and Van Slyke, as is true in most instances of cyanosis 
caused by congenital heart disease. This may have been exaggerated by 
interference with oxygenation of the blood in the lungs (Lundsgaard ’s 
1 factor) due to the marked pulmonary congestion. 

Harris and Farber' studied the question of transposition in associa- 
tion wdth mitral atresia, and postulated that there may be a causal re- 
lationship between the two. Of twenty-five cases of mitral atresia col- 
lected, they found that in fourteen there was also some form of trans- 
position. In view of the rarity of both of these defects, and in view 
of the fact that mitral atresia does not occur in many eases of trans- 
position, it is therefore probable that the mitral atresia in some way 
caused the transposition to occuia They adequately explained the usual 
dextroposition of the aorta by pointing out that, in accordance with 
Spitzer’s theory, the diminished flow of blood ro the left ventricle and 
the increased flow into the right A’entriele would cause the left-sided 
aorta to become obliterated and the right-sided aorta to remain patent, 
thereby producing dextroposition or transposition of the aorta. They 
further state that the position and relative size of the aorta will depend 
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about twice the size of the left. There was marked dilatation of the 
right auricle, which was five times its normal size, whereas the left 
auricle was extremely small and aplastic. The right auricle received 
the venae cavae and the coronary sinus, and emptied into the right 
ventricle through a normal tricuspid valve. The left auricle was repre- 
sented by a small slitlike pocket which communicated with the right 
auricle through a large defect in the central part of the interaurieular 
septum. The left auricle received two normal-sized pulmonary veins, 
but did not communicate with the left ventricle. The usual location of 
, the mitral valve was occupied by a smooth, somewhat indented fibrous 
membrane, with no evidence of a mitral valve or rudimentary valve 
leaflets. The myocardium of the left ventricle was normal in thickness, 
and that of the right ventricle was of the same thiclmess as that of the 
left. The two ventricles communicated through a large defect in the 
midportion of the interventricular septum. The aorta arose from the 
right ventricle and had three normal valve cusps, a single anterior cusp 
and a right and left posterior cusp. The coronary arteries arose from 



from the left ventricle to the left of, and behind, the aorta, and it had 
three normal cusps. Both great vessels were of normal eahber and 
coursed upward in parallel. The ductus arteriosus was widely patent, 
arid connected the aorta and pulmonary artery. Beyond the ductus 
arteriosus the pulmonary artery branched to supply each lung, and the 
aorta formed a normal left-sided arch which gave off its usual branches. 

Fig. 2 represents diagrammatically the essential structural defects of 
this heart, and also demonstrates the probable course of circulation. The 
complete anatomic diagnosis of this heart ivas as follows: (1) atresia 
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upon the time of development at wliieh the mitral atresia takes place, 
and that, accordingly, four possibilities present themselves. If the 
atresia occurs before the obliteration of the right-sided aorta, a normal- 
sized or atretic dextroposed aorta, will result, and if it occurs after the 
obliteration of the right-sided aorta, a normal-sized or atretic aorta in 
its normal position will be the result. All four of these varieties have 
been reported. In our ease, however, in which there was complete trans- 
position of both vessels, a different explanation is necessary to account 
for the fact that the pulmonary artery arose from the left ventricle. In 
studying this heart it is difficult to see how the atresia of the mitral 
valve could produce the complete transposition, or how the transposition 
could have any causal effects on the production of the atresia, for in this 
case neither lesion complemented the other. It therefore seems probable 
that the atresia and the transposition occurred independently, and that 
their association was merely coincidental. Transposition of the aorta 
and pulmonary artery would result from a complete failure of their 
normal ISO-degree torsion, as discussed in Case 1. IMitral atresia is 
brought by hypertrophy of the fetal endocardial cusliions, which results 
in their fusion and complete obliteration of the atrioventricular opening. 
In this connection the frequent use of the word ‘‘aplasia” seems inac- 
curate in referring to the obliteration of the mitral valve. This word 
implies a failure of growth, whereas the lesion is actually a result of 
overgrowth, rather than undergrowth; if there were a true aplasia or 
failure of growth of the valve leaflets, the result would be insuffieiency 
of the valve. 

SUMMARY 

1. Thirty-three cases of tricuspid atresia and twenty-eight cases of 
mitral atresia have previously been reported. 

2. We report one additional case of tricuspid atresia associated with 
transposition of the aorta and atresia of the ])ulmonary artery, and one 
additional case of mitral atresia a.ssociated with complete transposition 
of the great vessels. Other anomalies were present in both of these cases. 
No cases were found in the literature in which there were these same 
combinations of defects. 

3. The clinical and embryologic aspects of each of these lesions arc 
discussed. 
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Tl)o illne.ss for which the patient first entered a hospital hc‘,e:an in 
1917, when he develoi)ed a left in^ninai hernia, lie wore a truss until 
1934, wlien the hernia heeaine incarcerated and increased in si/.c. lie 
entered the Barnes Hospital June 2. 193<S, for repair of the liernia. At 
this time the only si^inificant ahnorinaiilies were obesity, dental caries, 
and a lai'se, indirect, left injiuinal hernia. The iiernia was repaired and 
the patient made an tmeveiitful recovery. 

lie remained well until the fall of 1939, when he noticed a small mass 
iji the riiiht in<>uinal reijion. This di.sappeared when the patient lay 
down, but reappeared at intervals when he strained or eoimhed. At noon 
on Jan. 29, 1942. he had a .sudden, .severe pain in the riirht 'rroin. accom- 
jianied by the aiJj^earanee of a larjte ma.ss in the rijtht iniuiinal rej^iou 
which extended down into the .scrotum. The ma.ss could not he reduced, 
and the patient entered the Barnes Hospital that same day for im- 
mediate operation. At this time the iteneral iJiysical sisrns were the 
.same as on the first admission, excejit that a soft blowiim systolic mur- 
mur was now heard over the precordium; this murnuir was heard best 
at the ai)ex and was transmitted into the axilla. The blood ]HTssure wa.s 
170/76. The hernia was repaired, and the patient wa.s di.schar*»:cd from 
the hospital Feb. 13, 1942. On returnin'’ home he found that he weighed 
ISO pounds, which wa.s 20 pounds le.ss than his usual wei 5 >:ht. 

The patient felt well until early in April, 1942. when his riifht hand 
began to swell and a lumi) appeare'd on the dorsal asjiect of the hand. 
At the same time he noticed red spots ovo* this hand. He consulted a 
physician who diagnosed the lesion as a bruise, althouuh the patient 
denied an.v trauma. The swelling and eruption gradually subsided spon- 
taneously. Shortl.v after this he noticed increasing fatigability and 
developed a nonproductive cough. Toward the end of April he became 
aware of a heavy feeling in the left upper quadrant of the abdomen and 
a dr.v, burning sen.sation in his throat, lie continued to lose we'nxht, 
and, on his third admi.ssion to the Baimes Ho.s]>ital, June 1, 1942. he 
weighed 171 ])ounds. 

U])on admission to the hospital the tem])erature was 37° (\, the pulse 
-rate, 88, the respiratory rate, 20, and the blood pressure, 140/60. He 
did not ajipear ill. The skin wa.s clear except for several red, elevated 
plaques varying in size on both hands. There was bilateral axillary and 
ingminal lym])hadenopathy ; the nodes in the axilla were 1 to 2 cm. in 
diameter, and were firm but not tender. The epitrochlear and cervical 
lymph nodes were not enlarged. It was noted again that the teeth were 
worn and carious, and that the pharynx Avas reddened. TJie lungs Averc 
normal. The heart Avas not enlarged to ])ercussion. A faint systolic 
murmur aauis heard at the base, and a definite, bloAving diastolic murmur 
Avas heard along the left sternal border and aa'us transmitted doAAui to the 
apex. The rhythm Avas regular. The liver and spleen Avere felt 4 cm. 
beloAV the costal margins on deep inspiration. Bilateral herniorrhaphy 
scars AA’ere present. The prostate Avas model ately enlarged, smooth, and 
not tender. 

At this time the erythrocyte count aatis 3,340,000 per cubic millimeter, 
the hemoglobin, 10.4 Gm. per 100 c.c., and the leucocyte count, 5,300 per 
eubie millimeter. The platelet count Avas 470,000 per cubic millimeter, 
and 2 per cent of the erytlu’ocyles Avere reticulocytes. The 
Schilling differential leucocyte count .shoAA'ed 1 ])er cent basophiles, 12 
per cent "stab” forms, 43 per cent polymorphonuclear neutrophiles, 33 
per cent lymphocytes, aucl 13 per cent monocytes. A sternal bone 
niarroAV aspiration Avas performed and the narroAv Avas normally cellular. 
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Review op Previous Cases and Report op Two 
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and Irving I. Goodop, M.D. 

St. Louis, Mo. 

I N MEDICAL literature there are comparatively few reports in- 
criminating higher bacteria, yeasts, or fungi as the causal agents of 
vegetative endocarditis. Even more rare are the instances in which 
clinical diagnoses have been confirmed at autopsy. Because of the rare 
occurrence of such organisms in vegetative endocarditis, it is believed 
that a report of two additional cases will be of interest.* The causal 
agent was not detected in either ease until post-mortem studies were 
completed. In the first case Actinomyces graminis was cultured from 
the heart’s blood and from the vegetations on the mitral and aortic 
valves, and the organism was identified in histologic sections. Eisto- 
plasma capsuleitum was identified in histologic sections from the second 
case, but was not obtained in cultures. 


case reports 

Case 1. — T., a white married man, 55 years of age, entered the 
Barnes Hospital for the first time on June 2, 1938. His chief complaint 
at this time was of a large mass in the left inguinal region extending 
down into the scrotum ; this had been present for twenty-one years. 

There was no family history of hereditary disorders. The patient 
stated that his health had always been excellent. He had measles as 
a child and typhoid fever at the age of 19 years. There was no history 
of rheumatic fever. He denied ever having had a penile lesion or a skin 
eruption. 

The patient’s teeth had been in poor condition for many years. He 
had an occasional attack of abdominal pain after meals, and he thought 
that milk and milk products initiated this pain. His weight had been 
constant at 205 pounds for the preceding five years. 

Born in Russia, the patient emigrated to Texas at the age of 30 years, 
and five years later moved to Illinois, where he remained the rest of his 
life. He married at the age of 37 years, and two years later a daughter 
was born. The patient operated a secondhand furniture business both 
in Russia and in this countiy, and for the preceding twenty-five years 
he had enjoyed a comfortable economic status. His diet was good and 
he did not use alcohol or tobacco. • 


From the Department of Pathology and Medicine (Dr. Reinhard), Washington 
University School of Medicine and the Barnes Hospital. 

Received for publication March 28, 

»These cases were discussed in clinicopathologic conferences at the Barnes Hospital 
Cases 18 and 23, J. Missouri M. A. 40: 176, 251, 1943. 
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was markedly cyanotic; the skin Avas pale, moist, and Avarm. There 
Avere no i^etechiae or other eruptions. The pupils Avere small. The eye 
grounds AA^ere normal except for pulsating arterioles. The neck Avas 
not stiff. The neck Amins AAmre di.stended and the arterial pulsations Avere 
prominent. Thei-e Avere coarse iTdes and expirator.y rhonehi throughout 
the lungs. The left border of cardiac dullness Avas 12 cm. to the left of the 
midsternal line in the fifth intercostal space. The apical impulse Avms not 
palpable, and no thrills Avere felt. The cardiac sounds Avere obscured by 
the pulmonary rhonehi, and no murmur could be heard. The radial 
pulse Avas of the Corrigan type. The liver and spleen Avere felt 4 cm. be- 
loAV the costal margins. The left arm and leg Avere flaccid. The tendon 
reflexes Avere bilaterally hyperactive, and Avere more active on the left. 
The abdominal and ere’masteric reflexes Avei-e absent. Hoffmann and 
Babinski reflexes Avere present bilaterally. There Avas sustained anlde 
clonus on the right. 

The erythrocyte count aa’os now 1,750,000 per cubic millimeter, the hemo- 
globin, 5.8 G-m. per 100 c.e., and the leucocyte coimt, 17,200 per cubic milli- 
meters. The Schilling diff'erential count sliOAved 10 per cent “stab” 
forms, 80 per cent polymorphonuclear neutrophiles, 6 per cent lympho- 
cytes, and 4 per cent monocytes. The urine contained 1 plus albumin, 
and, on microscopic examination, 1 or 2 erythrocytes and 3 or 4 casts 
Avere seen per high-poAver field. The Kahn reaction of the blood Avas 
negatiAm. The blood nonprotein nitrogen was 95 mg., and the blood 
sugar, 138 mg., per 100 cubic centimeters. The carbon dioxide combining 
poAver of the blood Avas 39 volumes per 100 cubic centimeters. The 
icterus index Avas 3. On blood culture Staphiilococciis albns Avas isolated, 
but Avas thought to be a contaminant. The venous pressure Avas 210 mm. 
of Avater. 

Shortly after admission a phlebotomy Avas performed, and 400 c.c. of 
blood Avere AvithdraAAm. O.xygen Avas adniiuistered by face mask. Amino- 
phyllin Avas given intravenously and digitalis intramuscularly. After 
this the cyanosis diminished, the breathing Avas less labored, and feAver 
rales Avere heard. At this time it Avas noted that both arms and both 
legs Avere completely flaccid. Lumbar punctiAre Avas performed, and 
grossly bloody fluid Avas obtained at an initial pressure of 300 mm. of 
Avater. 

Eight hours after admission the pulse Avas considerablj^ Aveaker; be- 
cause of this and the fact that it Avas noAv IcnoAvn that there Avas con- 
siderable nitrogen retention, the blood prcAdousIy AvithdraAAm Avas given 
intravenously, together Avith 500 c.c. of 5 per cent glucose solution. 

During the forty-eight hours the patient Avas in the hospital his tem- 
perature ranged betAveen 38 and 39° C. until a feAv hours before death, 
Avhen it reached 40° C. The pulse rate ranged betAveen 110 and 140 per 
minute, and the respirations betAveen 40 and 52 per minute. On the 
second day in the hospital the urine Avas found to contain many erjffhro- 
eytes. That evenuig pulmonaiy edema returned, the respirations be- 
came more labored and rapid, and the patient died forty-eight hours 
after admission. 

Washington University Autopsy No. 10297 (performed by Dr. W. M. 
Anderson) . — The surface of the body Avas normal except for the presence 
of numerous peteehiae in the anteeubital fossae, and tlie healed sears 
of a bilateral herniorrhaphy. All lobes of the lungs Avere firm, poorly 
aerated, and deep red in coloi*. The spleen Avas large, and the pulp Avas 
red and diffluent. At the upper pole there Avas a decolorized infarct. 
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The difterential count on the bone niaiTow was vuthin normal limits. 
The urine had a specific gravity of 1.016, the albumin content was 1 plus, 
there was no sugar, ancl microscopic examination revealed only a rare 
leucocyte and an occasional granular cast. The Kahn reaction of the 
blood was negative. The stool was brown and the guaiac test was nega- 
tive. The blood nonprotein nitrogen was 28 mg. per 100 cubic centi- 
meters. The icterus index was 13. The total phrsma protein value was 
8.2 Gm. per 100 c.c., of which 3 Om. represented albumin, and 5.2 Gm. 
represented globulin. An hippurie acid liver function test was iDcr- 
formed, and the ratio of excreted to ingested sodium benzoate was 87 
per cent. Spinal puncture revealed a clear fluid which was under a 
pressure of 150 mm. of water. Three lymphocytes were present per cubic 
millimeter of spinal fluid. The protein content was 32 mg. per 100 cubic 
centimeters. The Wassermann reaction was negative, but the colloidal 
gold curve was 2555540000. 

An electrocardiogram showed left axis deviation, but was otherwise 
normal. A roentgenogram of the chest revealed that the cardiac 
silhouette and aorta were within normal limits; the hilar -shadows were 
prominent and the lungs were normal. Anteroposterior and lateral 
roentgenograms of the cervical spine showed moderate hypertrophic 
changes about the margins of the bodies of the cervical vertebrae. A 
special, thick barium meal showed no abnormalities in the esophagus, 
stomach, or duodenum. 

During the eight days the patient was in the hospital his rectal tem- 
perature ranged between 37 and 37.7° C. His general condition re- 
mained imchanged. A dermatologic consultant felt that the eruption on 
the hands and wrists was the iris type of erythema multiforme. An 
otolaryngologic consultant found nothing unusual in the nose or throat. 
The patient was discharged with a diagnosis of aortic insufficiency and 
splenomegaly, cause unknown. 

The patient felt fairly well for a month after his third discliarge from 
the hospital, and gained 10 pounds in weight. However, the lieavy .sensa- 
tion in the left upper quadrant, the nonproductive cough, and fatiga- 
bility persisted. He noticed some shortness of breath on exertion, and 
his ankles swelled toward the end of the day. In September he began 
to lose weight progressively, and fatigability increased. About this time 
he complained of headaches every day or two, often accompanied by 
dizziness. In December, his cough increased in severity until it was 
almost constant, and was productive of a copious amount of froth}" 
white sputum which occasionally contained black material. Early in 
January, 1943, he had several mild nosebleeds. At this time the heart 
was markedly enlarged, and a. very loud diastolic murmur was heard 
over the entire precordium, loude.st along the left sternal border. About 
Jan. 10, 1943, he became somewhat restless, and his wife noted that 
from that time on he seemed disinterested in his surroundings, but there 
was no mental confusion or impairment of memory. During the night 
of January 16 his wife heard a noise in the bathroom and found the 
patient lying on the floor. He Avas mumliling incoherently. His breath- 
ing was noisy and he Avas unable to raise himself from the floor. He 
Avas taken immediately to the hospital. On subsequent questioning, the 
patient’s Avife A'aguelj" recalled that he had been a little clumsy and had 
limped occasionally at inteiumls for a month or so. 

On thi.s, his last admission, the temperature Avas 37° C., the pulse rate, 
140, the respiratory rate, 44, and the blood pressure, 170/10. The 
patient Avas comatose and Avas breathing rapidly and stertorously. He 
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blood ill the Ivoliner tube and placed in a I'ei'rigecator for later studies. 
Culture.s were ineiibated aerobically and anaerobically at 37° C., and 
observed daily for ten days. On the aerobic l)Iood agar })late growth was 
first observed on the fourth day, but on subsequent ti-ansfcrs colonies 
were visible within thirty-six to forty-eight hours. Subcultures from the 
broth revealed growth of the same organism. Small particles of vegeta- 
tions were dipped in 95 per cent ethyl alcohol and then washed in sterile 
physiologic salt .solution. Sterile sand was added, and the vegetations 
were gi-ound in a sterile mortar. The suspension thus obtained was 
streaked on blood agar and inoculated into tryptose-phosphate broth 
and incubated as already described. Colonies obtained in the aerobic 
l)latos and l)roth were identical witli tiiosc cultured from the heart’s 
Idood. After further study the cliaraeteristics listed below were ascer- 
tained, and the organism was identified as Avtinomycen graminis 
(Bostroom'). The patient's serum agglutinated the organism in dilu- 
tions up to 1 :32, and serum from two healtliy, apparently normal persons 
failed to eause agglutination. 

1. Colonies on blood agar, forty-ei.ght to .seventy-two hours, 37° C.; 
rouiul, convex, finely granular, gray-white in color, 3 to 5 mm. in 
diameter. Later growth was dry, umbouate. orange-brown. Tough and 
slightly adherent to tlie agar. On the sixth or seventh day colony had 
almost cottonlike, gray-white surface. 

2. Crowth in brotli : ropy sedimenl with slight ring growth; .sediment 
difficult to suspend Ijy shaking. 

3. ^Morphology of organisms (forty-eight to seventy-two Jiours, 37° C., 
blood agar) ; long filaments 0.6 to 0.8 /i -wide, numerous long and short 
rods, coecoid l)odics (Cig. 3). Filaments straight, wavy, and in loose 
groups. Conidia round or slightly clo])gatcd. (fceasional branching 
forms. Slight tendency to formation of mycelium. No definite ray 
forms obsoived. Nonmotilo. Younger growths gram ])ositive, later 
becoming gram negative. Not aeid-fa.st. 

4. Physiologic reactions. Aerobic; grew poorly under reduced 
oxygen tension. No growth anaerobically. AVould grow at room tem- 
perature. Litmus milk, peptonized in six to seven days. Gelatin, 
liquefied in twenty to twenty-five days. i\Iethylene blue reduction, nega- 
tive. Hydrogen sulfide production, negative. Action on sugar media: 
dextrose, lactose, sucrose, mannitc not fermented; slight acid production 
in maltose. 

5. Pathogenicity for animals: Intrapei-itoneal injection of 0.5 e.e. 
of broth culture produced peritonitis in guinea pigs and mice in forty- 
eight to seventy-two hours. Subcutaneous injections in mice and guinea 
pigs produced no illness or lesions. Intravenous inoculation of large 
doses into rabbits produced bacteremia and death in four to five days; 
small doses (0.2 to 0.3 e.c. of brotli culture) caused no illness or lesions 
in animals antopsied after eight Aveclvs of observation. 

Actinomyces graminis is one of the rarer forms of this genus, but was 
described as a causal agent of human actinomycosis in 1891,^ and on 
a few occasions since then. This is the first reported instance in which 
it caused vegetative endocarditis. 

Case 2. — ^jM. G., a white man, 54 years of age, was admitted to the 
Barnes Hospital May 5, 1938. His complaints were of chills and fever, 
headaches, weight loss, and increasing weakness for five months. 

The family history was irrelevant. The patient was born in Hungary. 
At the age of 14 years he became a baker and followed this occupation 
throughout the remainder of his life. He had lieen married twice and 
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Tlie liver was large and the lobular markings were prominent. The 
kidneys were enlarged, each weighing 220 grams. The. surfaces were 
finely granular, and numerous bright red petechiae studded the cortices. 
The brain was slightlj'- enlarged. In the right centrum ovale there w^as a 
blood-filled cavity which measured 5 cm. in diameter. This area of 
hemorrhage also involved the anterior i3art ' of the thalamus and the 
posterior portion of the caudate nucleus. Some destruction of the 
anterior part of the septum pellueidum was also present. The heart was 
large, and weighed 550 grams. The mitral and aortic valves were 
moderately thickened. On both valves there were numerous, firm, gray- 
white vegetations covering an area 2 by 3 cm. on the mitral valve and 
measuring up to 1 era. in diameter on the aortic valve. The vegetations 
were largest near the free margins of the cusps of the aortic valve. 

Microscopic Examination . — The aortic valve was thickened and vascu- 
larized. The vegetation was composed of a large amount of fibrin, in- 
filtrated with polymorphonuclear leucocytes. Large and small colonies 
of bacteria were present. These formed dense masses, so that only a few 
organisms could be examined in detail (Figs. 1 and 2). They were 
stained variablj'’ by the Gram stain. The organisms were pleomorphic; 
most of them were eoecoid in character, but many baeillaiy and filamen- 
tous forms were present. A moderate amount of granulation tissue was 
invading the vegetation, suggesting a subacute infection. The vegeta- 
tion on the mitral valve had the same histologic appearance. 

The Iddneys showed the changes of chronic pyelonephritis and 
arteriolar nephrosclerosis. In addition, there was typical, focal, embolic 
glomerulonephritis in different stages of healing. Spheroidal bodies 
of various sizes, which were regarded as forms of Actinomyces, were 
present in recent lesions of this sort. 

The alveoli and bronchioles of the lungs were filled with an exudate 
of poljnnorphonuclear leucocytes, large numbers of erythrocytes, and a 
small amount of fibrin. Many spherical, rod-shaped, and short filamen- 
tous forms of Actinomyces were present in the exudate. 

In the spleen, the centers of the malpighian bodies were necrotic, and 
appeared as irregular masses of eosinophilic material. The endothelial 
cells lining the sinusoids were large and prominent. In large foci the 
sinusoids contained many plasma cells. Large numbers of macrophages 
containing hemosiderin were scattered throughout the spleen. 

The wall of the cavity in the brain contained several small arteries, the 
walls of which showed acute inflammatory reactions. Polymorphonuclear 
leucocytes were present in and around the walls of these vessels. 

The other organs of the body showed no relevant pathologic change. 
The significant pathologic changes were: 

Subacute bacterial endocarditis of the aortic and mitral valves (Acfhw- 
myces graminis) . 

Focal, embolic glomerulonephritis. 

Acute arteritis of small cerebral arteries. 

Hemorrhage into the right cerebral hemisphere. 

Bronchopneumonia of all lobes of the lungs. 

Bacteriologic Studies . — ^At autopsy 10 c.e. of blood were removed 
from the right atrium and added to a tube containing 30 c.c. of tryptose- 
phosphate broth (Difco) . In addition, 5 c.c. of blood were placed in a 
sterile Kolmer tube, and a loopful of blood was streaked on two blood 
agar plates (5 per cent rabbit’s blood). Para-amino benzoic acid (5 mg. 
per 100 c.c.), was added to the media. Serum was collected from the 
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had two daughters by his first wife, wliom he later divorced. During the 
first World War he traveled with army troops as a cook until he became 
a victim of ‘'shell shock.” Thei’cafter, he had amnesia regarding his 
army experiences. In 1922 he came to St. Louis, where he lived the 
remainder o£ his life. 

Other than “sliell shock,” the only significant illness occurred at 
the age of 40 years, when the patient suddenly fainted and a short time 
later passed a copious, black stool. There were no other ga.strointestinal 
symptoms and he continued work without interruption or recurrence of 
such attacks. There was no history of rheumatic fever, a penile sore, 
or a skin eruption of any sort. 

The sy.slemic review revealed that he had had frequent headaches 
for three or four years previous to admission to the hospital. Ilis wife 
stated that freciuently during these years he had shaking movements 
of the lower extremities during sleep. 

The present illness began five months before admission to the hospital, 
when the patient became weak and drow.sy. This was followed by the 
onset of chills, fever, and profuse sweating. His physician made a 
diagnosis of “grippe,” and tlie patient remained in bed for a week. He 
then resinned work, but his symptoms returned and progressed. A few 
weeks later the patient was told by another physician that he had un- 
dulant fever. Blood tests were made, and he was told that he had 
syphilis as well as undulant fever. Tlie patient was treated with tablets 
by mouth and almost daily intramuscular injections, but general malaise, 
weakness, and profuse sweating became more pronounced. He continued 
to have cliills and fever and gradually became somewhat drowsy. Loss of 
appetite was progressive, and his weight decreased from 153 to 123 
pounds in five months. 

Upon admission, the temperature was 38.2° C., the pulse rate. 90, the 
respiratory rate, 20, and the blood pressure, 120/80. The patient ap- 
peared chronically ill and had obviously lost weight. He was drowsy, but 
conscious and well oriented. The skin was moist. The epitrochlear 
lymph nodes were moderately enlarged; no other nodes were palpable. 
The pupils were contracted. They reacted in accommodation but not to 
light. The mouth was edentulous. The tonsils were large, with caseous 
material in the crypts. There was a fine fibrillary tremor of the tongue. 
Chest expansion was poor, and the diaphragm moved but little to per- 
cussion. The heart was moderately enlarged. The rhythm was regular, 
and the sounds were of good quality. At the aortic area the second sound 
was loud, and there was a systolic murmur. The lungs were normal 
except for a few cracking basal rales which did not disappear on 
coughing. The abdomen was flat and relaxed. The liver was felt at the 
costal margin; the spleen and kidneys were not palpable. The tendon 
reflexes were hyperactive except for the left anlvle jerk, which was barely 
obtainable. Sustained ankle clonus was present on the right. In the 
Komberg position there was slight swaying. 

The hemoglobin was 82 per cent ; the erythrocytes numbered 4,270,000, 
and the leucocytes, 4,000 per cubic millimeter. The Schilling differential 
count showed 14 per cent “stab” forms, 47 per cent polymorphonuclear 
leucocytes, 35 per cent lymphocytes, and 4 per cent monocytes. On an- 
other occasion 10 per cent of the leucocytes were monocytes. Urinalysis 
was negative except for 1 plus albumin. The blood Kahn and Wasser- 
mann reactions were strongly positive. Serum agglutination tests with 
typhoid and Brucella organisms were negative. Three routine blood 
cultures showed no growth. The blood sugar level was 86 mg., the urea 
nitrogen, 17 mg., the ealchun, 8.7 mg., the phosphorus, 3.3 mg., and the 




Fig. 1. — Section of vegetiition (Case 1) from the aortic valve, showing dense mas- 
ses of oi'ganisms surrounding granulation ti.ssue (X30). 

Fig. 2. — Section of vegetation sliown in Fig. 1 under liiglier power (X-i70). 

Fig. 3.— Photomicrograph of preparation (Gram stain) from forty-eight-hour cul- 
tui'e of Actutomyces yrummis on blood agar. Numerous Hlamentous, bacillary, and 
coccoid forms are present. Occasional branching is observed (X870). 

Pig. 4. — Section of aortic valve and vegetation (Case 2), showing marked tliickon- 
ing of the valve (X7.5). 

Fig. 5. — Higher power view of granulomatous lesion in tlie aortic valve (Case 2). 
showing several cells of Hisioiila.'sma caiisulatum in a macrophage (x 1.100). 

Fig. 6 — Granulomatous focus in the kidney (Case 2), showing a giant cell con- 
taining yeastlike cells, Hi^toyJasma capsulatitm (Xl.lOO). 
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the surface, where the vefictation was, there was a larue ainouul of granu- 
lation tissue. Tile vegetation consisted of a moderate amount of fibrin, 
with a cellular reaction com[>o.sed of polymorjihonuclear leucocytes, 
lymphocytes, and plasma cells (I'hg. -1). No bacteria were visible in the 
vegetation. In the valve beneath the vegetation, there were areas of 
necrosis of various sizes, with necrotic cellular debris in the centers, and 
peripheral zones of l.vmphocytes, iilasma cells, and macrophages. In 
.some of these foci, macrophagi's were .seen to contain minute spherical 
bodies eompo.scd of a ba.sojihilic central iiortion, with a clear, non- 
staining peripheral halo (Fig. 5). The.se organisms had the morphologic 
characteristics of Ilistoplasma aipsulntum. The kidney,s, liver, .spleen, 
pancreas, and brain iiresented numerous granulomatous areas of necrosis. 
Those consisted of a central area of necrosis, surrounded by large 
epithelioid cells, one or more giant cells of the Langhans type, and a 
periphei-al zone of lymi)hocyte.s and large numbers of pla.sma cells. 
The.se foci were .scattered throughout the organs mentioned, with no 
specific in-edilection as to site. The lesions ^vere most abundant in the 
kidneys and spleen, and were less fre([uent in the liver, panerea.s, and 
brain. In .some granulomatous foci, organisms identical with tho.se in 
the valve were ])resonl (Fig. 6). In tlu' kidneys, occasional glomeruli 
were partially destroyed b.v thrombi which involved parts of the capillary 
loops. 

Sununaiy of the significant pathologic changes: 


Histoplasmosis involving the cusps of the aortic valve, kidneys, 
.spleen, liver, and brain. 

Thrombi in small arteries and veins of .spleen, kidney, and intestinal 
wall. 

Infarcts of the spleen. 

Bronchopneumonia of the lower lobes of tiie lungs. 

S.vpliilitic aortitis and aortic valvulitis. 


UEVIKW OF LITEKATL'KE AXI) DISCl’.SSIOX 

In recent .vears an increasing numl^er of re]) 0 ]-ls have apjieared con- 
cerning patients with vegetative endocarditis caused by higher bacteria, 
yeasts, or fungi, h’or example, the recording of several eases of Candida 
(iMonilia) endocarditis'-'^’ in three years has aroused renewed interest 
in a invcotic infection which i.s known to be frcriucnt and widespread. 
Furthermore, there are several reports which describe Actinomyces.'^''*' 
Erysipelothrix,"’ and Leptothrix'-’' as the causal agents of vegeta- 

tive endocarditis, and recently a ease cau.s<'d by Hisloplnsina capsuhtfum 
was reported.'’' 

In a statistical survey of actinomyco.sis in the United States, Sanford 
and Voelker"' reviewed 670 cases, but found no instance in wliich the 
heart was involved. Plowevcr, such involvement was observed by 
workers'''-” in other countries, and later by Kasper and Pinner-' in this 
country. In each of these instances, however, lesions were found in the 
myocardium but not on the valves. Dean' and Harbitz and Crondahl'*’ 
described two eases in which endocardial lesions were present as a 
result of direct extension from a focus in the myocardium. 

Alestra and Girolami'’ were the first to report a case of vegetative endo- 
carditis in which Actinomyces (Noeardia, species not ascertained) were 
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phosphatase, l.Bodaiisky units per 100 cubic, centimeters. The total, 
plasma protein value was 7.8 Gm. per 100 e.e., of which 2.6 Gm. was 
albumin, and 5.2 Gm., globulin. Both the Takata-Ara and formol-gel 
tests were strongly positive. The stool was gmaiae positive. The spinal 
fluid was clear ; it contained 3 cells per e.mm. and 88 mg. of protein per 
100 cubic centimeters. The spinal fluid Wassermann reaction was 
positive, and the colloidal gold curve was 5555555553. Brucellin and 
tuberculin skin tests were negative. The sternal bone marrow contained 
6.5 per cent plasma cells, but was otherwise normal. 

An electrocardiogram showed only left axis deviation. Koentgeno- 
graphie examination of the chest revealed cardiac enlargement, widening 
of the superior vena cava, and infiltration of the right lower lung field. 
Lipiodol bronchograms were made, and there was no evidence of 
bronchiectasis. A posteroanterior roentgenkymogram of the heart indi- 
cated that the movements of the left ventricle were small in amplitude. 
Bronchoscopic examination revealed general h^TDeremia of the bronchial 
mucosa. 

During the eleven weeks the patient was in the hospital he ran a 
continuous, high, spiking fever. He was given cpimine for two days, 
and then atabrine for five days without effect on the fever or sjunptoms. 
He received 1.2 Gm. of sulfanilamide four times daily for four days; 
several weeks later this drug was administered again for eight days 
and there was no effect in either instance. The patient continued to 
have chills occasionally and was drowsy most of the time. During the 
fifth week in the hospital, basal rales, enlargement of the liver, and, 
edema of the ankles ivere noted. He was digitalized without much im- 
provement. During the few weeks before death he became more and 
more drowsy, and the blood urea nitrogen rose steadily to a level of 117 
mg. per 100 cubic centimeters. Albumin, casts, and erythrocytes were 
found in the urine in increasing amounts. There was a persistent leuco- 
penia; the leucoe^ffe coiuit ranged between 3,500 and 7,100 per cubic 
millimeter, and the differential count at all times showed a considerable 
increase in the percentage of young myeloid forms. The patient died in 
coma on the seventy-seventh hospital day. 

Washington University Autopsy No. 7605 (performed by Dr. A. 
Mueller). — The body was that of a well-developed, poorly nourished 
white man. The external appearance was normal. The serous cavities 
contained no abnormal amount of fluid. The heart was normal ex- 
ternally. The aortic valve was thickened throughout, and one cusp was 
covered bj' a friable vegetation which involved both the ventricular and 
aortic surfaces. This vegetation measured about 1 cm. in diameter. A 
small, similar vegetation was present on another cusp of the aortic valve. 
The other valves were normal. The ascending aorta was widened and 
wrinkled. Section of its wall revealed degeneration of the media in 
many areas. The lungs were moist, and frothy fluid was easily expressed 
from the cut surface. There were fine, fragile adliesions in the right 
pleural cavity. No areas of consolidation were present in the lungs. 
The spleen was large, and weighed 390 grams. It contained numerous 
infarcts of varying ages. The kidneys were large, and weighed 240 and 
230 grams, respectively. The surfaces were smooth, and prominent 
vessels were observed. The cortex and medulla of each were somewhat 
thickened. A vessel containing a thrombus was present near the pelvis 
of the left ^kidney. The brain was softer than usual, but was otheinvise 
normal. No other organs showed any relevant pathologic changes. 

Microscopic Examination . — The aortic valve contained a marked in- 
crease in fibrous tissue. There were many areas of calcification. Near 
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and in most of them the organism was cultured from the blood during 
life and its causal relation confirmed by post-mortem mycologie and 
histologic studies. However, in one ease- ante-mortem blood cultures 
yielded no groMdh, and, although the yeastlike organisms Avere observed 
in microscopic sections, post-mortem mycologie studies "vvere not com- 
pleted. Conseciuentl}", an accurate identification of the causal agent 
was not made. In the eases ob.servcd at autopsy the vegetations were 
engrafted upon already damaged valves, most freciuently on the aortic. 

The clinical diagnosis of vegetative endocarditis is not particularly 
difficult, even thougli the causal agent may not lie one of the more com- 
mon, and frequently recognized, true bacteria. A review of cases al- 
ready reported reveals that there liave been ten instances, confirmed 
at autopsy, in vdiich a higher bacterium, a yeast, or a fungus W'as the 
causal agent. In all ten of the.se the diagnosis urns based clinically on 
important signs and symptoms characteristic of vegetative endocarditis. 
Positive blood cultures \vere obtained in eight cases during life. The 
two remaining, in which no growth w'as obtained, were diagnosed after 
death as vegetative endocarditis caused by a yeast and by Ilistoplasma 
capsulatuvi. 

Several factors influence the degree of success w’ith which conclusive, 
positive cultures are obtained from blood and tissues. Of course, it is 
necessary to provide satisfactory nutritional substances and environ- 
mental conditions for the grorvth of the microorganisms. This fre- 
quently involves special media, containing additional nutritive sub- 
stances, and modified atmospheric conditions, such as reduced oxygen 
tension and strictly anaerobic containers. However, the factor -which 
is probably overlooked most frequently is the period of incubation. Sev- 
eral mierooi’ganisms, for example, certain higher bacteria, yeasts, and 
fungi, although they can develop on ordinaiy blood agar or carbohy- 
drate media, do not “grow out“ as rapidly as the more commonly en- 
countered, true bacteria. Specifically, one may mention Ilistoplasma 
capsulahivi as an example. This organism Avill develop on blood agar 
or plain carbohydrate media, but various reports indicate that an in- 
cubation period of tw^elve or more days may be necessary. In other in- 
stances, this organism has been observed on blood agar plates as early 
as the fourth to sixth day of incubation. Another example is the 
Actinomyces, -which frequently require four or five days to produce 
msible growth. Consequently, when a clinical diagnosis of bacterial 
endocarditis is made, and blood cultures fail to show the usual organisms 
encountered in this condition, attention should be directed to the possi- 
bility that another causal agent is present. The routine technique must 
be modified sufficiently for successful culture and detection of less com- 
mon microorganisms. 

The natural habitat of many liigher bacteria, yeasts, and fungi is wide- 
spread. Frequently, laboratory workers are not familiar with pertinent 
facts about such microorganisms, or, in other instances, may recognize 
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eiiltiired from the blood during life, and confirmed their diagnosis by 
demonstrating the organisms in histologic sections and in cultures from 
the vegetation after death. They also studied another ease of endo- 
carditis in which Actinomyces (Noeardia, species not ascertained) Avere 
cultured from the blood during life. This patient, hoAA'-ever, apparently 
recoA’^ered under therapy AAnth an iodine compound C'Septojod”) . The 
second authentic case of actinomycotic endocarditis Avas that reported 
by Uhr,^" in AA'hich the causal agent, Actinomyces ho vis, Avas isolated, 
from the blood during life and its eaiisal relation confirmed at autopsy. 
No other proA'ed examples of aetinomyeotic endocarditis Avere found in 
the -literature. Freeman'-* reported a ease, diagnosed clinically as bac- 
terial endocarditis, in AAdiich “an unu.sual bacillus” Avas isolated from 
the blood on three suecessiA'e occasions. The organism Avas tentatNely 
placed in the order Aetinomycetales, but.Avas not definitely identified. 
The patient died at home after a typical clinical course of subacute 
bacterial endocarditis, and no autopsy AA-as performed. 

Russell and Lamb^^ and Klauder, Kramer, and Nicholas^- reported 
endocarditis in two eases of septicemia caused by Erysipelothrix rhuso- 
patliiae; this Avas confirmed by histologic and post-mortem bacteriologic 
studies. This organism is related, at least morphologically and physio- 
logieallj’’, to Actinomyces. Three additional instances of this disease are 
reported in other papers, but, in tAAU,-^ there Avas no bacteriologic con- 
firmation of the histologic diagnosis, and, in the other, no autopsy Avas 
performed. 

Another interesting example of A^egetative endocarditis caused by 
higher bacteria is that reported by JervelP^ in a young man AA"ho died 
eight Aveeks after the onset of symptoms typical of vegetative endo- 
carditis. Cultures of the blood during life and after death reA’ealed 
the presence of Leptothrix, Avhieh Avas also cultured from the vegetations. 

Histoplasmosis, a subacute or chronic, highly fatal, infectious disease 
caused by an intracellular yeastlike organism, occurs at all ages and in 
both sexes. Depending on the dominant clinical ])icture, the disease may 
be classified into several types, for example, generalized, pulmonary, 
intestinal, naso-oral, cutaneous, and joint types.-- Although the infec- 
tion Avas first described in 1906, and the reported eases number over 
fifty, Broders, Doehat, Herrell, and Vaughn^-^ recently published the 
first paper describing vegetative endocarditis in association A\nth a gen- 
eralized infection bA^ Histoplasma capsulatum. Moreover, in a paper noAV 
in preparation, Parsons^^ is citing at least tAvo additional eases. Perhaps 
on re-examination of sections in various laboratories other instances Avill 
be discovered.* 

During the past three years, six cases of endocarditis Avere described 
in AAhuch Candida paralcrusei or yuillennondi Avas the causal agent. All 
but one of these occurred in drug addicts. These patients presented 
signs and symptoms AAdiich led to the diagnosis of bacterial endocarditis, 

♦It is of interest that in the case reported in this paper the diagmosis was not 
made until Dr. M. G. Smith re-examined the sections at a later date. 
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(c) The serum proteins in the present eases Avero elevated, witli re- 
versal of the albumin-glolmlin ratio (in the other eases no data are 
available for comparison). 

(d) In the presence of the usual signs and symptoms of vegetative 
endocarditis, negative blood cultures by routine procedures may suggest 
a less common cairsal agent. 
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the forms but tend to consider them as contaminants. As Pasternack'^ 
has emphasized, cultures showing molds or yeasts are frequently dis- 
carded. Even after repeated culture, their presence often is attributed 
to a defect in technique. Eecent reports of human infection caused by 
such microorganisms indicate that they may be more common as causal 
agents than was previously supposed. 

Although the series of cases of vegetative endocarditis caused by 
higher bacteria, yeasts, or fungi is small, certain interesting facts are 
noted. There were ten cases-* ^’A* Avith sufficient clinical data 

and autopsy studies to make comparisons with the two reported in this 
paper. Of the twelve cases, four were caused by Candida (Monilia), 
' three by Actinomyces, two by Erysvpelotlinx rJiusopatJiiae, two by ITisto- 
plasma capsulatum, and one by Leptothrix. Eleven of the patients were 
men, ten of whom were 35 years of age or over. In only two instances 
did the disease run a clinical coui’se of less than two months ; the aver- 
age in the twelve eases was seven months. It is interesting that in the 
two cases of histoplasmosis there was a relative leucopenia, var 5 dng be- 
tween 4,000 and 7,000, in contrast to the mild or moderate leueoeytosis 
observed in the others. Of interest, also, is the elevation of serum 
proteins in both eases reported in this paper, mth hyperglobulinemia as 
high as 5.2 Gm. per 100 cubic centimeters. In our case of histoplasmosis, 
this was attributed to syphilis, but it may be that the hyperglobulinemia 
was related to the piimary infection in both instances. No serum protein 
determinations were recorded in the ten eases reviewed from the liter- 
ature. 

Autopsy studies reveal that vegetations caused by Candida (Monilia), 
two of the Actinomyces, the Leptothrix, and both strains of Histoplasma 
were engrafted upon valves showing sclerosis and calcification, chronic 
endocarditis, or syphilitic valvulitis. However, one strain of Actino- 
myces hovis^° and both strains of Eiysipelothrix attacked normal valves. 
Of the twelve cases under consideration, the aortic and mitral valves 
were involved in four, the aortic alone in five, the mitral alone in two, 
and the pulmonic in one case. 

SUMMARY 

1. Two cases of vegetative endocarditis are reported; in one, Actino- 
myces graminis was the cause, and, in the other, Uisioplasnia capsulatum. 

2. Ten previously reported eases of vegetative endocarditis caused by 
higher bacteria, yeasts, or fungi [Candida (Monilia), Actinomyces, 
Leptothrix, Eiysipelothrix and Histoplasma] are reviewed briefij*' and 
compared with the present cases. 

3. Prom a study of twelve eases with autopsies, the following points 
may be of assistance in differentiating between vegetative endocarditis 
caused by bacteria and that caused by these higher forms : 

(a) Greater incidence in men. 

(b) Most patients were over 35 years of age. 
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moreover, greatly exceeded the iucidenee oX h}T;mrrespoiise iii the school 
children observed by Hines.” Consequently, an appreciable percentage 
of these adult hyperreaetor.s and/or hypertensives must have been hypo- 
reactors as children. These considerations seemed to invalidate the view 
that hyperreaction is always an inherited and lifelong trait, closely cor- 
related with a family history of hypertensive cardiovascular disease. 
Obviously, if this were the case, a positive liistory Avould indicate, para- 
doxically, a greater life expectancy, for the percentage of hyperreactors 
increased sharply with advancing age. Actual analysis, however’, dis- 
closed no relationship between tire natui’e of the cold-irressor response 
and the family history of hypertensive disease. The results of that 
study, therefore, cast doubt upon the concept that hyperreaetion is a 
preeur.soi' of sustained hypertension. 

The present analysis was undertaken to explore these discordant views 
and to obtain additional data on normal persons. Since all pimious 
studies of the cold-pressor response of normal persons arbitrarily ac- 
cepted 145/95 as the upper limit of normal blood pressure, it seemed to 
us that this relatively high level may have permitted the inclusion of a 
variable number of hypertensive subjects with borderline pressures. 
Ajmran’^' also exjrressed the view that some of the subjects studied may 
actually have been mild hypertensives, and advised that only cases in 
which there could be no doubt about normal status be selected. The fol- 
low-up studies of Hines,^- furthermore, offered a rational method of 
classifyiirg rrormal arrd abnormal pressures, and suggested to us a means 
of testing the validity of the theory proposed by Hines and Brown. In 
a survey of the blood pressure variations among clinic patients, Hines 
noted that the reading of 140/85 on first examination represented a 
critical level with respect to the possible occurrence of subsequent hyper- 
tension. Thus, the subjects wdiose systolic and diastolic blood pressure 
was originally in the upper range of normal (140 to 160 mm., systolic, 
and 85 to 100 mm., diastolic) manifested a high incidence of ensuing 
hypertension ; whereas only a small number of those wdro originally had 
blood pressure levels in tlie lower range of normal subsequently de- 
veloped the disease. According to Hines, therefore, the vasomotor re- 
sponse to the nervous stress of the physical examination serves as a 
“psychic-pressor test,” and presents implications similar to those de- 
rived from the pressor effect of a standard stimulus of cold. 

With these considerations in view, it -was decided to adopt the critical 
level of 140/85 to differentiate nonhypertensive from prehypertensive 
subjects. It seemed possible by this means to obtain a group of “pure 
noi’mals” who, if Hines’ presumptions are correct, wmild manifest a 
strikingly low incidence of hyperreaetion to the cold-pressor test. Ac- 
cordingly, further studies of the cold-pressor response of healthy seamen 
were undertaken; the subjects wei’e classified -vvitli respect to initial blood 
pressure readings into two groups, as foUo^vs: (1) Nonhypertensive 
subjects (initial blood pressure below 140/85), and (2) prehypertensive 
subjects (initial blood pressure 140/85 or above) . 



NFLUENCE OP ACtE UPON BLOOD PRESSUEE RESPONSE 
TO THE COLD-PRESSOR TEST 

Henry I. Russek, M.D., and Burton L. Zoh.man, jM.D. 

Staten Island, N, Y. 

’ SSENTIAL liypertension has heen defined as a syndrome Avliieh is 
-I limited to persons with a hyperreactive vascular systeind'^^ This 
^perreactive state, according to Hines and Brown, can be demonstrated 
en in childhood among persons destined to develop the disease. In 
pport of this hypothesis, Hines^° asserts that (1) liyperreaction to the 
Id-pressor test is found among people with normal blood pressure and 
similar to the reaction observed in essential hypertension; ( 2 ) patients 
ho were formerU^ hypertensive show a hyperreactive response even if 
icir blood pressure is normal; (3) the incidence of hyperreaction in 
lildren approximates the combined incidence of hyperreaction and 113 ^- 
jrtensioii in adults; (4) hypeiTeaetors with normal blood pressure gen- 
■ally come from families in which there is a high incidence of }i 3 'per- 
nsive cardiovascular disease; and (5) h.vpcrtension has developed in 
sveral patients whose blood pressure was once normal but who showed 
vperreaction to the test. 

Although these contentions strongly suggest that abnormal vai’iability 
f the blood pre.ssure is a heralding sign of subsequent hypertension, the 
bservations of one of us (H. I. R.)^-’’*'^ failed to suppoif this eojicept. 
a a study of two hundred normal seamen over the age of 40 years, it 
'as found that the cold-pressor reaction did not remain constant 
iroughout life, as alleged by Hines and Brown, but increased appreei- 
bly with advancing age. The augmented response, furthermore, ap- 
lied not onl}* to h 3 'perreactors but also to lu-poreaetors (persons who 
[lowed a normal response, more corrects, normal reactors), which 
ustifies the conclusion that vascular reactibilHv increases as a natural 
onsequenee of the aging process. From this it appeared that a hypo- 
eactor at 40 3 'ears might become a h 3 'perreactor at 50 or 60 3 Tars of age. 
Inch a trend was further reflected in the rising incidence of hyperre- 
etioii with succeeding decades. Thus, the percentage of hyperreactors 
nereased from 24.2 per cent in the 40- to 49-year group to 56.1 per cent 
n the 60- to 69-3^ear group. On the other hand, if liyperreaction were 
n reality the preh 3 ^pertensive phase of essential li 3 'pertension, the re- 
verse thereof, namely, a falling incidence of '•' normal” hi-perreactors, 
vould have been observed with advancing age. The combined incidence 
»f hyperresponse and hypertension in the elderh’- subjects of the serie.s', 
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TAUtE II 


Percestace Ikcidence oe Hyperueactiox rv Age axd Ikitiae Blood 

Pkessuke Levei, 


AGE 

(YItS.) 

LE.SS Tl£,vx 140/S5 

(240) 

140/85 TO 160/100 
(110) 

100/100 AND less 
(.350) 

40 to 49 

24.7 

00.7 

.34.8 

50 to 59 

42,0 

70.0 

52.2 

00 to 69 

50.7 

75.8 

03.0 

40 to 09 

40.0 

70.9 

49.7 


actors to the cold-pressor ‘test. When tlie analysis was carried further, 
and the two blood pressure groups were studied independently, it was 
found that the rising incidence of liyperreactiozi was particularly marked 
in the uonhypertensive class, in which the increase was from 24,7 per 
cent in the fifth decade to 56.7 x)er cent in the seventli decade. In the 
prehypertensive grouj), on the other hand, the incidence of hyper- 
reaction increased more slowly with age, rising from 66.7 per cent to 
75,8 per cent in the same period. Jlyperreactors comprised 70.9 per 
cent of the prehypertensive subjects, as compared with 40 ])er cent of 
the nonhypertensivc subjects. 


mscussiox 

Abnonnal variability of the blood pressure is i-egarded by many 
authors as one of the outstanding characteristics of essential hyperten- 
sion. In the opinion of Hines and Brown, vascular hyperreaetion in 
persons with normal blood pressure means either a predisposition to 
hypertensive disease, or previous hypertension which is temporarily 
latent. Other observers, similarly, have emphasized the prognostic 
significance of even transient elevation of the blood pressure in subjects 
wdio generally have normal levels. 

Our observations strongly suggest, however, that excessive reacti- 
bilitj'" of the blood pressure may be a physiologic occurrence in the later 
decades of life. This conclusion is based upon the observation that the 
vasopressor response to a standard cold stimulus rises appreciably vdth 
advancing age. In our series, au increase in the range of reaction was 
noted not only among hj'perreactors, as reported by Hines and Brown, 
but also among hyporeaetors. As would be anticipated, the incidence 
of hyperreaction showmd a corresponding rise -with age, so that hyper- 
response Avas almost twoee as frequent in the seventh decade as in the 
fifth. These observations suggest that age exerts an important influence 
upon the response of the blood pressure to a standard stimulus of cold. 

The tendency for a normal reaction to become “excessive” Avas unre- 
lated to the initial blood pressure level, inasmuch as the hyporeaetors in 
both blood pressure groups shoAved a similar increase in response AAutli 
succeeding decades. The incidence of hyperreaction increased Avith age 
in the nonhypertensive group from 24.7 per cent to 56.7 per cent, and, 
in the prehypertensive group, from 66.7 per cent to 75.8 per cent. 
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TECPINIQUE OF THE COLD-PRESSOR TEST 

The procedure as outlined by Hines and Brown was foUoAved through- 
out. The subjects remained recumbent in a quiet room, and blood pres- 
sure readings were taken over variable periods until a basal level was 
reached. The rest period was twenty to thirty minutes, and, usually, 
four to five readings were made. The sph^wmomanometer cuff remained 
on the arm during the whole procedure, and, when the lowest level of 
blood pressure was reached, the free hand was placed in a basin of water 
at a temperature of 4° C. The hand was kept immersed to a level just 
above the wrist for sixty seconds. The bloody pressure was measured at 
thirty and sixty seconds. 

The response is recorded as the difference between the basal level and 
the maximum reading. Using the authors’ criteria, subjects whose re- 
sponse exceeded 20 mm., systolic, and 15 mm., diastolic, -were called 
hyperreactors. Those whose response did not exceed these figures were 
designated as hyporeactors. 

RESULTS 

The test was performed on three hundred fifty merchant seamen 
between the ages of 40 and 69 jmars. Data on two hundred of these sub- 
jects formed the basis of a previous report.^® All were ambulant hospi- 
tal patients who had been admitted for a variety of minor ailments un- 
related to the cardiovascular S 3 ’^stem. The initial blood pressure on 
admission to the hospital was used to classifj'' these patients in the man- 
ner described above. There were two hundred forW subjects in the 
nonhypertensive group and one hundred ten subjects in the prehyper- 
tensive group. The highest initial pressure in the studj’’ did not exceed 
160/100. 

• In Table I the average response of the blood pressure to a standard 
stimulus of cold is analyzed with respect to age, initial blood pressure 
level, and type of response. It is seen that there was an appreciable 
rise with age in the average response of all subjects, whether they 
were hyporeactors or hj^perreaetors. Even when the subjects with 
lower levels of normal blood pressure were considered as a group, this 
increase in average vasoconstrictor response with advancing age was 
clearty evident. 

. Table II sliows that when all subjects were considered, there was an 
appreciable increase in the incidence of hyperreaction with succeeding 
decades. The frequency rose from 34.8 per cent to 63 per cent in the 
age period studied. Of the entire group, 49.7 per cent were hyperre- 

Table I 

Analysis op Cold-Pkessor Response by Age and Initlyl Bi^ood Pressure Level 


AGE 

(YRS.) 

BLOOD pressure 160/100 AND 
LESS 

BLOOD PRESSURE LESS THAN 

140/85 

HYPOREACTORS 

SYST. DIAST. 

HYPERREACTORS 
SYST. DIAST. 

HYPOREACTORS 
SYST. DIAST. 

HYPERREACTORS 
SY-ST. DIAST. 

40 to 49 - 
50 to 59 

60 to 69, ^ 

■roginQii 

25.0 18.6 

33.2 23.2 

35.6 24.6 

10.0 7.5 

15.2 11.5 

17.1 13.1 

24.6 18.0 

32.0 22.1 

35.2 22.1 







118 


AMERICAN HEART JOURNAL 


(preliypertcnsive) and that of persons with initial pressures in the 
lower range of normal (nonhypertensive). It was eoneluded that: 

1. The response of the blood pressure to a standard stimulus of cold 
tends to increase in all subjects with advancing age, 

2. The rising response appears to result from increasing irritability 
of the vasomotor centers, an effect of the vascular changes associated with 
“aging.” 

3. The tendency for a normal reaction to become “excessive” is re- 
flected in the rising incidence of hyperreaetion with succeeding decades. 

•4. There is a marked increase in the freriuency of hyperreaetion with 
advancing age among “subjects unlikely to develop hypertension,” sug- 
gesting that such a response is frequently physiologic in the later decades 
of life. 

5. Hypei'reaetion is more common among prehypertensive subjects 
than among nonhypertensive persons, but the difference in frequency 
between the respective groups becomes much less marked with advance 
of age. 

6. The high incidence of hy'^perreaetion among the nonhypertensive 
subjects indicates that such a response cannot be regarded as specific for 
potential or latent hypertension at this age. 
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Hyperreactioii was foimd in 70.9 per cent of the subjects who were likely 
to develop hypertension, as compared with only 40 per cent of; those who 
were unlikely to develop it. This difference is statistically signiffcant, 
and clearly indicates ' that hyperresponse is more common among sub- 
jects destined to develop the disease. Nevertheless, the high incidence 
of vascular hyperreaction among nonhypertensive subjects makes it 
equally apparent that no specific correlation exists between hyper- 
response and subsequent h 3 ’'pertension. In this regard, it should be 
noted that tlie older the group considered, the less was the disparity in 
incidence of hyperreaction between the respective blood pressure groups. 
Vascular hyperreaction, therefore, appears to arise, in later life at least, 
from factors related to the aging process. 

From these observations it would seem that there is a progi’essive in- 
crease in the irritabilit}' of the vasomotor mechanism with advancing 
age. A similar conclusion was reached b^' Eaab-* in his studies of the 
blood' pressure response to the inhalation of carbon dioxide. In reporting 
the pressor effect at various ages, the author stated that there is in- 
creasing irritability of the cerebro-medullary vasoconstrictor centers” 
with advancing j^ears. He attributed the rising vasopressor response to 
a gradual diminution in cerebral blood flow, which leads to ischemia of 
the nerve eentei-s controlling vascular tonicity. Others have shovni, 
moreover, that arteriolar sclerotic changes, associated with decreased 
cerebral blood flow, are common features of advancing age. Conse- 
quently, Eaab’s observations, emplojdng the stimulus of carbon dioxide, 
are supported bj^ our own observations, using the stimulus of cold. 

It appears from this evidence that cerebral vascular ischemia develops 
in an increasing percentage of persons with advancing age. Whether or 
not such central changes and their consequences arc alwaj’s to be re- 
garded as pathologic is still an unanswered question. The recent experi- 
ments of Pishback and his co-workers-‘‘ suggest that decreased cerebral 
blood flow may be an important factor in the etiology of hypertension. 
These authors were able to produce sustained elevation of blood pressure 
in animals by ligating arteries supplying the head. On the other hand, 
it would seem from our data that cerebral ischemia, as manifested by 
vascular hyperreaction, is found in a significantly high percentage of 
older persons who never develop hypertensive disease. AVe have noted, 
in fact, that hyperresponse is not uncommon even in “hypotensive” 
subjects (sj^stolie pressure 110 mm., or less) in the later decades of life. 
It cannot be denied, therefore, that vascular hj^perreaction may be 
pfij’^siologic in many middle-aged and elderh’- subjects. 

SUJIMARY AND CONCLUSIONS 

The eold-presser reaction of three hundred fifty male subjects over 
the' age of 40 years was measured. A comparison was made between the 
response of persons with initial pre.ssures in the upper range of normal 
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BUNDLE BRANCH BLOCK, WITH SPONTANEOUS REMISSION 

^U^’TER FOUR YEARS 

Report op a Case 

Joseph Kalett, M.D. 

New Brit-un, Con'et. 

T here have of late been increasing numbers of reports of transient, 
complete, bundle branch block, but all writers agree that, once 
established, the block Avill remain as a permanent feature. A careful 
seardi of the literature failed to reveal any case in which bundle branch 
block i^ersisted over a pei-iod of years and disappeared spontaneously. 
In a personal communication, Dr. Paul White, of Boston, stated, 
“I have never seen or heard of a patient whose electrocardiogram 
returned to normal after yeai's of constant bundle branch block.” A 
similar eominiuiieation from Dr. H. M. i\Iarvin, of New Haven, Conn., 
confirmed this opinion, and both, after reviewing the electrocardiograms, 
suggested the desirability of reporting this ca.se. 

CASE report 

R. D., aged 56 years, a white man, first presented himself for, exam- 
ination on Sept. 13, 1938. Two years previously, while shoveling snow, 
the patient collapsed. He recalled no accompanyin.g pain. Two weeks 
later he had another attack, this lime accompanied by a moderate 
amount of precordial pressure which lasted about twenty-four hours. 
The patient was apparently told that he had “heart disease,” and was 
advised “to avoid excitement and take things easy.” Retirement from 
active work had been advised. His only complaint at the time of his 
first visit was of moderate fatigability. 

Physical examination revealed a well-nourished and well-developed 
man who weighed 194 pounds. The pulse was regular and the rate 
was 86. There was moderate retinal sclerosis. The chest wall was 
rather tliiek and the thorax was emphysematous. The heart sounds 
were somewhat distant, but well heard. There were no murmurs. The 
blood pressure was 116/80. The blood Wassermann reaction and 
urinalysis were negative. Fluoroscopic examination showed moderate 
enlargement of the left ventricle and some elongation of the thoracic 
aorta. An electrocardiogram on Sejjt. 13, 1938 (Fig. 1), showed left 
bundle branch block. The P-R interval was 0.16 to 0.18 second. T-wave 
inversio n was present in Lead I. The QRS interval was 0.15 second. 

Received for publication Aug. 13 , 1943. 

From the Department of Cardiology, New Britain General Hospital. 

120 



RUBSEK AND ZOHMAN: AGE, COLD, AND BLOOD PRESSURE 119 

15. Kussek, H. I.: The Significance of Vascular Hyperreactiou as Al'easured by 

the Cokl-Pressor Test, Ail. Heart J. 26; 698, 19-13. 

16. Eussek, H. L; Hypertension in the Alilitarv Service, J. A. Al. A. 123: 1067, 

1943.. 

17. Ayman, D.: Personal eonuminication, 

IS. Ruhl, A.: Wie weit ist der genuine arterielle Hochdruk, anatomisch bedingt, 
Deutsches Arch. f. klin. Aled. 156: 129, 1927. 

19. Palmer, R. S.; The Significance of Es.ential Hypertension in Young Afale 

Adults, J. A. AI. A. 94; 69-4, 1930. 

20. Diehl, H. S., and Hesdorffer, AI. 11: Changes in Blood Pre.s.sure of Young 

Alen Over Seven Year Period, Arch. Int. Aled. 52: 94S, 1933. 

21. Alaster, A. AL: Borderline Hypertension and the Navy During the Emer- 

gency; Incidence of Hi-iiertension Among the General Population, U. S. 
Nav.’ AL Bull. 41: 52, 1943. 

22. Hi'perteiision in Alilitary Service, Editorial, .L A. AL A. 123: 702, 1943. , 

23. Hines, E. A., Jr.: Hypertension in Alilitarv Service. J. A. AL A. 124: 667 

1944. . ■ . 

24. Raab, W.: Hormonal Central and Renal Origin of “Essential' HjTiertension 

(Cerebral and Renal Arteriosclerotic Ischemia as Causal Factors) Ann 
Int. Aled. 14: 1981, 1941. 

25. Fishback, H. R., Dutra, F. E., and AlacCamy, E. T.: The Production of 

Chronic Hypertension in Dogs by Progressive Ligation of Arteries Sup- 
plying the Head, J. Lo.b. & Clin. Aled. 28; 1187, 1943. 




122 


A.AIEKICAX IIKABT JOURNAL 


that biuiclle branch block, once established in cases of orjianic heart 
disease, remains throughout life. Transient, oomidete, bundle branch 
block has been rather infrequently reported. In the series of cases 
reported by Kurtz,’ bundle branch block had a duration of a few mo- 
ments to ten months, but he concludes that, once established, the 
block persists for the remainder of the patient’s life. iMaster, Dack, 
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The patient left New Britain and was not seen again until Feb. 6, 
1940. At this time there Avas little change in the physical signs, and 
there were no symptoms. An electrocardiogram (Fig. 2) shoAved left 
bundle branch block exaetlj^ as before. 

, The patient, nnfortnnately, Avas not seen again until Oct. 3, 1942. At no 
time had he had any symptom.s. An electrocardiogram Avhich Aras taken 
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Fig. 1 — Taken Sept. 13, 1938, showing left bundle branch block. 


f time showed that the Imndle branch block was not 
piesent. xinother electrocardiogram Avas taken Oct. 27 1942 fPio- aa 
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DISCUSSION 

In this case the left bundle branch block followed acute coronary 
occlusion. There have been no reported exceptions to the observation 
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SUJIJUIRY 

A ease of bundle branch block foilo^ving coronary occlusion is pre- 
sented, in which spontaneous disappearance of tlie block occurred after 
a period of about four years. No similar ease of persistent block - 
which disappeared after so long an interval has been found in the lit- 
erature. The ease is of particular interest because the patient remained 
symptom free throughout the period of observation. In the presence 
of the bundle brancli block, and in the transition to normal QRS com- 
plexes, no variations in symptoms or jiliysical signs were apparent. This 
interesting paucity of symptoms parallels the case of Willius and 
Anderson,* as well as that of Bishop.^ 
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KugeP states that he has observed two eases in adults in which the 
lesions were similar to those in his group of infants. Levy and RousseloP 
repoi’ted three cases of cai-diac hypertrophy of unknowm origin in 
adults. Later,® one ease was discarded because it could possibly have 
been von Gierke’s disease, but eight other similar cases were added to 
the sei-ies. No apparent cause for the myocardial disease and enlarge- 
ment could be demonstrated. There were eight males and two females, 
ranging in age, at death, from 26 to 66 years; sN'mptoms of decompensa- 
tion had been present from ten days to five years. In six of the cases 
there was some myocardial necrosis or fibrosis, and mural tlirombi, with 
emboli to other organs, were conspicuous. Two patients had positive 
eomijlement fixation tests for syphilis, although no evidence of sjT)h- 
ilitic tissue changes could be demonstrated. In no case was there any 
generalized arteriolar sclerosis to indicate previous hypertension. Eeis- 
inger’ and BliunenthaP reported five similar eases, in four of which 
there were positive Wassermann reactions, and they considered the 
etiological relationship of syphilis to myocardial disease. Two other 
cases in adults, but witliout serologic or other evidence of sj’philis, have 
been reported in the Case Records of the ^lassaehusetts General Hos- 
pital.^®’ 

In view of the paucity of literature concerning cardiac hypertrophy 
without recognized cause in older children, we record the following case. 

Case CM — 5715. — An 11-year-old .schoolboy was examined three 
hours after death. He was said to have been a normal, healthy child. 
At the age of 2 years a broken leg was treated Avithout complication. 
He had measles and chicken pox during early childhood, but no other 
illnesses. His progress in school was satisfactory. He performed or- 
dinaiy exercises in the gymnasium, rode a bicycle, and played Anth 
other children Avithout any apparent diffinulty. On the day of death 
he arose, ate brealrfast, and Avent to school as usual. While sitting at 
his desk during the morning class he started to rise suddenly from his 
seat, cried out, and fell to the floor, striking the right frontotemporal 
region of his head upon a desk. He appeared comatose and cyanotic, 
and was dead a feAV minutes later. 

Post-mortem Examination. — The body Avas that of a fairly avcII- 
nourished and Avell-developed AARite male child; height, 4 feet, 51/2 
inches; Aveight, 80 pounds. There Avas cyanosis of the lips and finger- 
nails. 

There Avas a small, linear fracture of the right temporal bone, Avith 
slight hemori’hage along the fracture line. The ventricle of the brain 
contained bloodtinged fluid, and there Avere a few punctate areas of 
hemorrhage in the medulla near the floor of the fourth ventricle; other- 
Avise, the brain substance Avas Avithout evident lesion. The thymus 
Aveighed 45 grams, and there Avere scattered punctate areas of hemor- 
rhage beneath the capsule. 

The heart Aveighed 430 grams, and there Avas marked concentric hy- 
pertrophy of the left venti’iele Avith only slight hypertrophy of the right 
ventricle. None of the chambers AA-ere dilated. The myocardium ap- 
peared uniformly pale and fii*m, and the markings of the muscle bands 



CARDIAC HYPERTROPHY OP UNKNOWN CAUSE 

Report of a C.vse 

Gteorge H. Reipenstein, M.D., and A. Dwight Chidsey, M.D. 

Syracuse, N. Y. 

H ypertrophy of the heart occurs as a rcsiill; of some physiologic 
or pathologic disturbance. In most instances, the mechanism is 
apparent. There have been, hoAvever, a group of eases of myocardial 
hj’pertrophy for which no definite cause has been demonstrated. In 
most of these, the hypertrophy has been associated with endocardial 
fibrosis and varying degrees of myocardial degeneration, and has oc- 
curred in infants and children up to 4 years of age.^'* Various the- 
ories have been postulated to account for the changes; these include 
intrauterine infection during the early days of life, “congenital weak- 
ness of the germ plasm, and allergic reaction to milk in a heart 
wliich was already damaged by infection.- KugeP has spoken of these 
as eases of “ non-suppurative myocardial degeneration with dilatation 
and hypertrophy.” Similar eases have been reported in which hyper- 
trophy and endocardial fibrosis occurred without myocardial degenera- 
tion.^* “ 

There are feAv reports of obscure cardiac enlargement in older chil- 
dren and adults, probably because of the multiplicity of physiologic or 
pathologic disturbances which occur with age and might more readily 
account for the changes Avithin the organ. Whittle® reported one case 
of an apparentlA’’ Avell-developed 20-year-old student Avho fell from 
his bicycle and died AAuthin a feAV moments. Post-mortem examination 
revealed a markedly hypertrophied heart, AA^eighing 840 grams. The 
A*alA*es, endocardium, and coronary arteries appeared normal. The 
aorta Avas someAAdiat small and delicate, and measured 16 mm. in di- 
meter at the commencement of the descending portion. There Avere no 
other congenital anomalies. The only additional gross abnormalities 
AA*ere an acute tracheitis and a persisting th;^anus gland, AA*eighing 30 
grams. Histologic study of the heart shoAved SAA*ellmg and loss of stria- 
tion of the muscle fibers, Avith no foci of inflammation or necrosis. All 
of the other organs appeared normal. The author felt that neither 
the narroAA'ed aorta nor the persistent thymus could haA'-e accounted 
for the marked cardiac enlargement, although the acute tracheal in- 
fection might have been responsible for the cloudy SAvellmg of the 
myocardial fibers. He postulated that prolonged muscular exertion of 
cycling might have played an important factor. 

Fi'om the Department of Pathology, Syracuse University College of Medicine. 
Received for publication Sept. 9, 1943. 
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no ai-eas ol; dej^eiierative change in sections stained with hematoxylin 
and eosin. The large and small vessels of the heart appeared normal, 
and there was no perivascular eellular infiltration. The endocardium 
and subendocardium were not thickened. Fat stains and IMasson and 
Heidenhain stains did not contribute anything. Best carmine .stains 
for glycogen on alcohol-fixed myocardium showed some areas with 
numerous, moderate to fine, red droplets, located, for the most part. 



Fig:. 2. — Heart muscle; idiopathic hvpertroph\ showin:? glj cogen stain ivithoiit diop- 

iets (XllO)' 

within the fibers, altliough some wei’e in connective tissue between the 
fibers. Some of these fine droplets weie located transversally, like 
striations, across the myofibrils (Fig. 1). Other areas showed the same 
marked hypertrophy of the muscle bundles, but no glycogen deposits 
(Fig. 2). In no place did the enlargement of the muscle fibers appear 
to be the result of glycogen accumulation. 

Quantitative analysis of the myocardial glycogen by hydrolysis and 
the Benedict micro method^- showed 0.16 per cent glycogen, as con- 
trasted witln a normal of 0.07 per cent Best carmine stains of the kid- 
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stood out distinctly. The wall of the left ventricle measured up to 3.5 
cm. in thickness. There was a reduplication of the left cusp of the pul- 
monary valve; the fourth cusp appeared rather small, and showed some 
fenestration along the free margin. Otherwise, the valves and remain- 
ing endocardium were without evident lesions. The foramen ovale and 
ductus arteriosus were closed. The coronary ostia were normal in size 
and location; the vessels throughout were patent, and showed no intimal 
sclerosis. There was no narroudng of the aorta or of any of the great 
vessels arising from it. 



Fi{?. 1. — ^Heart muscle ; idiopathic hypertrophy showing glycogen stain with droplets 

(X710). 

The other organs showed no notetvorthy changes. 

Meroscopically, the brain showed some edema. There was hyper- 
plasia of the thymus, with rather nmnerous polymoiphonuclear leuco- 
cytes in the pulp. The liver, kidneys, lungs, and other organs appeared 
^to be entirely without evident lesion. There were no vascular changes. 

There was marked hypertrophy of the muscle fibers of the myo- 
cardium, with very slight difihise increase in fibrous tissue between the 
muscle bundles. There was no vacuolization of the muscle fibers, and 
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ney showed no evidence of glycogen. The liver did not contain an ab- 
normally large amount of glycogen; chemical analyses of these tissues 
were not made. 

COMMENT 

It is of interest to note the clinical and gross pathologic similarities 
between this case and the one reported by Gardner and Simpson^-^,; their 
patient was an 11-year-old, apparently healthy schoolboy who sud- 
denly collapsed and died while playing in the street. Post-mortem ex- 
amination revealed a heart which, was very greatly enlarged, weighing 
384 grams, due chiefly to thickening of the left ventricle. No congenital 
anomaly was recorded. All other organs appeared normal. Histologic 
study showed imperfect transverse and longitudinal striations of the 
heart muscle fibers due to a “pale foaminess.” This appearance was 
the result of abnormal deposition of glycogen, as demonstrated by the 
Best carmine stain. The liver showed a similar, but less marked, change. 
No quantitative chemical studies were made, but the authors stated that 
the cardiac enlargement was due to glycogen disease. 

In our case it is felt that the moderate increase in myocardial glycogen 
was possibly physiologic and commensurate with the degree of cardiac 
hypertrophy. At least it can be definitely stated that the increase in the 
size of the heart was not accounted for by increase in glycogen, as shown 
in the sections or by chemical anabasis. The cause of the hypertrophy 
was not found; certainly none of the usual factors can account for it. 
There was no vascular evidence of prolonged hypertension. The absence 
of scarring or myocardial degenerative changes is evidence against 
previous rheumatic, diphtheritic, and other infectious or “toxic” causes 
of heart disease. The presence of a four-eusped pulmonary valve could 
not have been significant, and no other anomalies were found. To con- 
sider the “congenital idiopathic” type " does not help, and no other 
etiological factors are apparent. It is remarkable that such marked 
hypertrophy could exist without some evidence of circulatory embarrass- 
ment before sudden death. 

SUMMARY 

A case of sudden death in an apparently healthy, 11-year-old school- 
boy is presented. Marked cardiac hypertrophy was found at autopsy. 
The cause of the hypertrophy was not discovered. 
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This factor determines the size of the infarct that follows the obstruction of any 
given vessel and whether or not a recurrence of the episode is to be expected. The 
varying condition of the coronary arteries is probably the cause of the great varia- 
tion in the expectation of life after myocardial infarction — a variation from a few 
moments to some fifteen years. 

A knowledge of the behavior of diseased coronary vessels is essential in discussing 
the surgical procedures advocated for improving the myocardial blood supply in 
coronary artery disease. These procedures aim at establishing new anastomotic 
channels between extracardiac and cardiac arteries by placing intercostal muscles 
or omentum in contact with the pericardium. It is assumed in these procedures that 
the arterial pressure gradient will force blood from the extracardiac to the cardiac 
vessels. There is, however, no guarantee that such a gradient will exist. In those 
cases generally suitable for operative interference the one deficient in blood supply 
will frequently be deep in the ventricular wail. It is then very doubtful if a satis- 
factory pressure gradient will exist to transfer any quantity of blood to the heart, 
and it is possible that the flow will bo in the opposite direction. This unpredictable 
factor probably causes the very variable results that follow these surgical procedures. 

Authors. 

Stokes, W.: Nicotinic Acid in the Treatment of Angina Pectoris. Brit. Heart J. 

6: 157, 1944. 

Changes in the electrocardiogram of cardiac ischemia in man, following the 
administration of nicotinic acid, suggest that the drug can improve coronary blood 
flowj but this only results from a dosage large enough to produce peripheral flush- 
ing, wliich in itself is an uncertain and unpleasant effect. 

In a controlled clinical trial no improvement resulted from the oral administration 
of nicotinic acid in moderate dosage, either in the prevention or relief of angina, 
and nicotinamide in larger doses failed to give better results. 

Once again glyceryl trinitrate has sho^vn that it has no equal in the treatment 
of angina pectoris, and nicotinic acid has no claim to routine use in this complaint. 

Author. 


Levine, S. A., and Likoff, W. B.: Some Notes on the Transmission of Heart 

Murmurs. Ann. Int. Med. 21: 298, 1944. 

Numerdus simple questions concerning the production and propagation of murmurs 
remain unanswered. 

We believe that the velocity of blood flow through the cardiac chambers and great 
vessels is one important factor in tlie production of murmura and in determining their 
intensity. 

Other factors, such as the ammmt of residual blood in cardiac chambers, the 
proximity of the heart and great vessels to the chest wall, and the respiratory 
cycle may influence the presence or absence of murmurs. 

• The gradation of systolic murmurs from 1 to 6 is important "in attempting to 
estimate their significance, for those of grade 3 intensity, or louder, are never 
observed in normal individuals, whereas those of grade 1, and occasionally grade 2, 
are found where there is no evidence of cardiac or other disease. 

The detection of murmurs over the olecranon process even with the blood pressure 
cuff inflated above the systolic pressure level, proves that murmurs are transmitted 
through bone. 

The transmission of an aortic diastolic murmur to the skull, and of the systolic 
murmur of ventricular septal defect to the carotid area proves that murmurs are 
not propagated with the blood stream, for the blood flow in these circumstances 
is in the opposite direction. 
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Eotta, A.: Weight of the Heart and Niunher of Cardiac Capillaries in Guinea 
Pigs at Different Altitudes. Eev. urgent, de eardiol. 10: 1S6, 1944. 

A study was made of the heart weight in relation to body weight in guinea 
pigs born or acelinvatized at different altitudes in order to ascertain whether chronic 
anoxia produces myocardial hypertrophy. In the same animals, the cardiac capil- 
laries per millimeter were counted, and the average diameter and the area of myo- 
cardial fibers were measured. Tlie results were compared with identical determina- 
tions made in animals living at sea levels. 

Chronic anoxia produces some degree of cardiac hypertrophy at altitudes over 
3,700 meters. Below' this level the heart weight does not differ from that at sea 
level. At ,4,500 M. the heart weight is 30 per cent greater than that at sea level, 
no difference being observed between native and acclimatized animals. There seems 
to be a close relationship between severity of anoxia and degree of • liypertrophy. 
In the cardiac hypertrophy of altitudes the number of cardiac capillaries 
diminishes as the thiclmess of the fibers increase, the same as in clinical hypertrophy. 
The average diameter and the area of myocardial fibers increase together with the 
increase in heart weight. 

Author. 

Palatucci, 0. A., and Knighton, J. E.: Short P-B Interval Associated With Pro- 
longation of QRS Complex; A Clinical Study Demonstrating Interesting Varia- 
tions. Ann. Int. Med. 21: 58, 1944. 

Four cases are reported, exhibiting the syndrome of short P-R interval asso- 
ciated with prolonged QRS complexes in patients with apparently undamaged 
hearts. Features in common with previously described cases are enumerated. AH 
the variations ascribed to this syndrome are demonstrated, e.xcept reversion to 
normal rhythm after digitalis and quinidine. 

Paradoxical atropine effects, a ventricular extrasystole, and recovery from 
ariricular paroxysmal tachycardia are recorded. 

Spontaneous and atropine induced T-wave changes are emphasized. 

Authors. 

Lowe, T. E., and Wartman, W, B.: Myocardial Infarction. Brit. Heart J. 6: 
115, 1944. 

Many of the indications of tlie existence of a myocardial infarct have a ready 
explanation. Fail of arterial blood pressure is in . most cases due, either to tlie 
amount of muscle tissue destroyed or to the particular muscle involved. Abnormali- 
ties in cardiac rhythm and the electrocardiographic changes will be better under- 
stood when sufficient data have been compiled relating to the problems of the elec- 
trical activity of the heart, xlccurate localization of the specific muscle bundles 
involved may enable us to predict when rupture of the ventricles or even when 
congestive cardiac failure is to be expected. 

The prognosis of a case of myocardial infarction depends as much upon the dis- 
ease causing the arterial block as it does upon the extent of the muscle damage. 
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Taylor, F. E., and Moreliead, E. P.: Spontaneous Complete Eupture of the Aorta 

Without Dissecting Aneurysm, With Eeport of a Case Showing a New Physical 

Sign (Periaortic Friction Euh). Ann. Int. Med. 21: 81, 1944. 

Eupture of the aorta is by no means infrequent in the anatomic, as well as the 
pathologic and clinical literature. 

It occurs _Avithout the formation of a dis.secting aneury.sm more often than i.s 
usually realized, though the cases with dissecting aneurysm are much more numerous. 

The literature on the type of rupture occurring without dissecting aneurysm 
has been reviewed and an additional ca.se of our own presented, witli clinical and 
pathologic findings. 

The gross and microscopic imthology of the condition is di.seussed. 

Certain diagnostic criteria, including a hitherto unde.scribed physical sign, have 
been^suggestcd. 

The prognosis is hopeless, and tre.'itment is purely symptomatic. 

Authors. 

Blumenthal, H. T.: Calcification of the Media of the Human Aorta and Its Eela- 

tion to Intimal Arteriosclerosis, Ageing, and Disease. Am. J. Path. 20: 665, 

1944. 

The frequency of occurrence and the influence of age, sex, and disease on calcifica- 
tion of the media of the human aorta were studied by means of sections prepared 
by hematoxylin and eosin staining and by microincineration. The results showed 
that calcification of the media precedes the formation of intimal plaques; that 
intimal plaques do not occur without calcification of the media or other medical 
change such as syphilitic aortitis, or marked connective tissue infiltration of the 
media; and that wdthin a single aorta medial calcification is probably more intense 
in the immediate vdcinity of an intimal plaque than elsewhere. In a few observations 
it was noted also that calcification of the human aorta was more pronounced in the 
abdominal than in the thoracic portion of the aorta. 

Calcification of the media of the aorta was sliown to be primarily a function of 
age and was not influenced by sex and various clironic infectious diseases. How- 
ever, specimens from hypertensive persons between the ages of iiO and 60 years 
showed considerably more medial calcification than did the “controls.” Of 42 
cases of syphilitic aortitis, 33 showed no medial calcification, and 9 showed only 
slight calcification of the media. 

The relationship between calcification of the media of the human aorta and the 
loss of elasticity and contractility with age, as well as the possible relationship 
of these changes to the formation of intimal plaques, is discussed. 

Author. 


Weinstein, J.: “Atypical” Coronary Disease in Young People. Ann. Int. iled. 

21: 252, 1944. 

Ten cases presenting cardiac manifestations and characteristic electrocardiographic 
variations suggestive of an unusual type of cardiac infarction are presented. 

The patients ranged in age between 20 and 37 years, the average being 28.4 
years; 60 per cent of the group were Negroes. 

All cases gave a history of upper respiratory infections; four of the cases had 
joint disturbances; five of eight of the cases had high antistreptolysin titers. None 
had leucocytosis or polynucleosis, but aU had rapid red cell sedimentation rates. 

The electrocardiographic variations were characterized by T-wave changes with 
both anterior and posterior wall type of localization, occasional ET changes, and 
the consistent absence of QES abnormalities. 
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Systolic murmurs after effort occur in. normal individuals. The production or 
accentuation of such murmurs after exercise, therefore, cannot be used as a 

diagnostic test. ■ 

There are several mechanisms involved when murmurs are influenced by respira- 
tion. All faint murmurs, organic or functional, may disappear with a deep inspira- 
tion. In some instances extracardiae systolic murmurs may be loudpr, and in others 
fainter, with a deep expiration. 

The current teaching a.bout propagation of murmurs needs revision. 

These considerations are iniportant in the examination of selectees for military 
service. 

Authors. 

de los Keyes, E. P., de la Torre, H., Labourdette, J., and Junco, J. A.: Eheumatic 
Cardiopathies in Cuban Children. Arch, de med. inf. 13: 3, 1914. 

The authors refer to the incidence and importance of rheumatic cardiopathy among. 
Cuban children, which, though relatively less numerous than in the cold countries, 
constitutes the greatest calamity cliildren’s hearts suffer with acquired cardiopathies. 

The study is based on 100 cliildren, 50 boys and 50 girls, chosen from among 200 
clinical records of rheumatic children wliich have been followed up for a long time 
with a series of electrocardiographic and orthodiagraphic studies, sedimentation 
rates, and other complementary investigations, pointing out the lesional diagnosis, 
course of the disease, and treatment used, plus an anatomopathologic study of 
post-mortem examinations. 

The authors have found 30 per cent more incidence in the girls than in the 
boys; the ages, ranged from 5 to 11 years, inclusive. The white race was attacked 
most often, then the Negro, and third, the mulatto. The poorer and most needy 
classes offer the greatest number of cases. Mortality has been found to reach 18 per 
cent. 

Authors. 

Peete, D. C.: Eheumatic Fever: Diet as a Predisposing Factor. Ann. Int. Med. 
21: 44, 1944, 

The author relates evidence which indicates that diet and sunshine are the most 
important predisposing factors in the causation of acute rheumatic fever. He dis- 
cusses various climatic conditions which are related. 

He believes that the dietary deficiency which closely follows the incidence of 
clinical rickets alters the individual’s immunity to the organism which produces 
the clinical picture of acute rheumatic fever. 

McCulloch. 

Eodbard, S., and Katz, L, N.: The Effect of Pregnancy on Blood Pressure in 
Normotensive and Hypertensive Dogs. Am. J. Obst. & Gjmec. 47: 753, 1944. 

The blood pressure in normotensive and especially in hypertensive dogs tends 
to fall late in pregnancy. The degree of reduction of blood pressure is apparently 
affected by the size of the litter. 

It is possible that the blood pressure decline is related to the low resistance 
placental circuit which develops during pregnancy. It is also possible that some 
humoral factor (not involving the fetal kidneys) caused by the maternal endocrine 
alterations wliich accompany pregnancy contributes to the blood pressure change 
and helps to account for the variability in the time at which thia blood pressure drop 
occurs. 

Surgical or other traumatic intervention during the latter part of pregnancy 
appears to predispose to abortion in the dog. 


Authors. 
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Ehode, C. M.: Studies on the Effects of Posture in Shock and Injury. Ann. Surg. 

120: 24, 1944. 

The effect of postural change on thirtj’’ patients with variou.s degrees of injury 
is described. 

Vasomotor instability was demonstrated in injured patients; this was not 
present in normal controls and disappeared in injured patients when they returned 
to normal. 

Different effects were noted in response to the head-up or the foot-up position 
in mild and severe injury or hemorrhage. 

Some of the beneficial effects of the foot-up position in the treatment of shock 
or potential shock as well as some of the adverse effects observed in injured patients 
in the head-up position are described. 

Author. 

Beck, C. S.: Operation for Aneurysm of the Heart. Ann. Surg. 120: 34, 1944. 

The author describes an operation for repair of aneurysm of the left ventricle of 
tile heart. The operation- consists of grafting a .segment of fascia lata or perietal 
pericardium over the aneurysm for the purpose of preventing its rupture. The pur- 
pose of tills procedure is the deliberate reduction of cicatri.x to support a dilating 
heart and also to prevent rupture of an aneurysm of tlie heart. 

McCulloch. 

Neuhof, H.: Infected Dissecting Aneurysm of the Iliac Artery EoUowing Ar- 
teriovenous Pistula of the Pemoral Vessels. Ann. Surg. 120: 41, 1944. 

Severe grades of dilatation of the proximal artery in eases of arteriovenous 
aneurysm of the popliteal or femoral vessels should be treated by excision of the 
dilated artery'. In the presence of infection within the ectatic artery, excision is 
imperative. 

Author. 

Schindel, L. E., and Braim, K.: The Place of Poliandrin Within the Group of 

Cardiac Glucosides. Brit. Heart J. 6: 149, 1944. 

The pure glueoside foliandrin isolated from the Palestinean oleander bush 
(Neriuvi oleander) distinguishes itself very definitely' from principles so far iso- 
lated from various oleander species. xVpart from other chemical as well as physical 
characteristics, it could be shown by means of continuous electrocardiographic 
tracings from a cat-'s heart, that upon intravenous administration its action is 
identical with that of the principles belonging to the group of strophanthin (ouabain) 
gluco sides and the drug should therefore be considered a “ strophanthinoid. ” In 
contradistinction to strophanthin, it displays its full cardiac activity upon peroral 
administration. 

Authors. 

Deyrup, I. J.: Circulatory Changes Pollowing the Subcutaneous Injection of His- 
tamine in Dogs. Am. J, Physiol. 142: 158, 1944. 

Subcutaneous injection of 3 to 12 mg. histamine base per kilogram in unanes- 
thetized and etherized dogs resulted in a characteristic circulatory disturbance which 
differed markedly' from traumatic shock in the clinical symptoms produced, in the 
far greater hypotension, and in the absence of definite blood volume reduction as an 
etiological factor. Change in blood volume in histamine shock under these conditions 
resulted from a moderate increase or decrease in plasma volume, and increase in cal- 
culated red cell volume, which may have resulted from mobilization of cells from 
the spleen and other blood depots. Author. 
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All tile eases improved clinically. The eleetroeavdiograins reverted to a normal 
pattern in six of the cases and in three the changes improvea considerably with the 
probability that they would in time revert to normal. 

The upper respiratory infections, the occasional joint disturbances, and the high 
antistreptolysin titers suggest a rheumatic type of infection. 

There is general agreement on the occurrence of coronary arteritis in rheumatic in- 
fections. Acute inflammatory arteritis characterized by fibrinoid degeneration and 
late flbrotic changes has been demonstrated. Cases of our series fit into both types 
clinically. 

AUTHOU. 


Lewes, D.: Pulmonary Embolism: The Clinical and Cardiographic Progress of a 

Case. Brit. Heart J. 6: 161, 1914. 

A case of pulmonary embolism with acute cor pulmonale is de.scribed. A severe 
degree of cor pulmonale developed in the absence of radiological evidence of pul- 
monary infarction. 

Emphasis has been placed on the value of triple ilxythni, from the addition of the 
third heart sound, in the diagnosis of suspected cases of pulmonary embolism. 

EadiogTaphic evidence of distension of the right auricle and right ventricle is 
related to the onset and duration of the cardiographic changes. Inversion of the 
T wave in CR^ is probably the most sensitive of the cardiographic indices of right 
ventricular failure. The value of this change and of findings in lead CB„ in the 
diagnosis of acute cor pulmonale from posterior cardiac infarction is confirmed. 

Author. 

Brown, J. W., and Hampson, P.: Temporal Arteritis. Brit. Heart J. 6: 154, 1944. 

n 

A case has been described in which tlic clinical and pathologic findings are 
those of an arteritis of the temporal arteries. Perusal of tlie reports of similar 
cases suggests that temporal arteritis is but a local manifestation of a general 
disease of the arterial tree. 

Authors. 

Smith, C. C., Zeek, P. M., and McGuire, J.: Periarteritis Nodosa in Experimental 

Hypertensive Rats and Dogs. Am. J. Path. 20: 721, 1944. 

Periarteritis nodosa was found at autopsy in twenty-six of, sixty-two rats and 
four of eight dogs which had been made hypertensive by wrapping their kidneys 
Avith silk. No evidence of these lesions Avas found in groups of control animals. 

In animals presenting periarteritis nodosa at autopsy, the monthly mean blood 
pressure leA''els had been higher than in animals in AA^hich no pei'iarteifitisoiodosa 
A\ms found. This higher level had been manifested Avithiii one montli after the 
production of perinephritis and had been maintained throughout the six months 
of observation. 

Suppurative lesions Avere common in the experimentally produced perinephric 
membranes. 

A review of the literature revealed no report of the occurrence of periarteritis 
nodosa in animals in which the kidneys and the blood preksure Avere proved to be 
normal. 

In the present series of hypertensive animals the two observed differences be- 
tween those Aviuch had and those Avhich did not have periarteritis nodosa were, in 
the former: higher mean blood pressure levels, and more frequent and more 
extensive suppurative lesions around the kiduevs. 


Authors. 
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Physiology in* Health and Disease: By Carl J. Wiggers, M.D., D.Sc., Professor 

of Physiologj', School of Medicine, Western Reserve University. Fourth edition, 

Lea & Febiger, Pliiladelpliia, 194-1, 1174 page.s, 247 illustrations, $10.00.. 

The editors of the AJiEniCAK Heart Jourxal asked the reviewer to cover only 
the part of this well-known textbook which is concerned with cardiovascular physi- 
ologj', to which Section V, which comprises 285 pages, is devoted. 

Dr. Wiggers’ many investigations in this held arc well known, and a careful 
summary of tliis work, together with his views on the work of others, is given. The 
contents have been brought rigorou.sly up to date, over 1,000 new references have been 
added, and especial attention has been given to topics, such as shock and hemorrhage, 
brought to the front by the war. Although .some material previously included has 
been omitted to save space, the omis.'^ions have been well chosen. The style is per- 
haps somewhat obscure in places, but is usually clear and vigorou.s; the reviewer 
especially liked the analogy between the vectors whose lesultant is the electrocardio- 
gram and the efforts of two teams of men pulling in various directions upon a rope. 
Indeed, the review'er read the section with no Jitfie profit to himself. 

There have always been two schools of physiologic tliought. The first insists on 
methods of the utmost refinement, but, in order to apply them, must turn to animal 
experiments and often be willing to sacrifice normality by tlie use of anesthetics and 
elaborate operative procedures. Inasmuch as this school possesses a strong faith in 
the uniformity of nature, it does not hesitate to apply the results obtained in such 
animal experiments to human problems. The .second school prefers to solve problems 
related to man by working on man himself, or on animals which are disturbed as 
little as possible, both physiologically and p.syehologically. But, in order to ac- 
complish tills aim, the members of this school must be content to employ methods 
far cruder than those of the first group. I^nowledge has been advanced by both 
schools. 

In his philosophy of science Dr. Wiggers is a charter member of the first school, 
whereas the reviewer belongs to the second. Therefore, the latter would prefer to 
have medical students presented ivith less generalization from the results, and with 
more details concerning the situation under which observations quoted were made. 
In acute animal experiments, the type and depth of anesthesia, the extent and dura- 
tion of the operative procedure, and the species of animal play a part in the results 
obtained. Although medical students taking Dr. Wiggers’ laboratory course would 
surely realize the hazards involved in the interpretation of results obtained in such 
animal experiments, and although certain difficulties are pointed out in this textbook, 
the general tenor of the reasoning is to emphasize the method of recording, and, if 
this is satisfactory, to draw' a conclusion which encompasses the whole mammalian 
field. The reviewer believes that the relation between the rising school of physiologic 
clinicians and the group whose lives have been devoted to elaborate animal experi- 
mentation W'ould be sounder if the difficulties inherent in the interpretation of such 
experiment.s were given more emphasis in physiologic textbooks and in the teaching of 
medical students. 

Isaac Starr. 

Pre-Excitatiox, a Cardiac Abnormality: By Richard F. ohnell, translated by 

Ulla Schott, P. A. Horstedt & Sdner, Stockholm, 1944, l(i7 pages, 30 illustrations. 

Pre-excitation is a term used by the author to mean that the ventricular part of 
the heart is subjected to an additional excitatory spread, setting in shortly before 
the start of the regular e.xcitation wave. This is the phenomenon reflected in electro- 
cardiograms by the combination of a short P-R interval and a prolonged, aberrant 
QRS complex. 

This monograph, which, it is announced, is to be published as a supplement to 
Acta Medica Scandinavica, has been excellently translated into English. The author 
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Escleroses VAriVULARES Calcipicadas : By Bv. Koberto Meuezes de Oliveira. 
Tipografia do Patronato, Rio de Janeiro, 194:i, 154 pages, 67 illustrations. 

This excellent monograph is based on the study of one hundred cases at the Peter 
Bent Brigham Hospital in Boston. The first part is devoted to the anatomy and 
histology of the heart valves. The second part is a patliologic study of calcification 
of the cardiac valves, witlr a discussion of tvventy-five autopsy cases. The tliird part 
comprises observations on one hundred cases from the roentgenologic point of view. 
The fourth part is a clinical study. A short description of the cases and an ex- 
tensive summary, in both Portuguese and English, close the book. 

Some of the conclusions deserve to be extensively quoted. The posterior part of 
the annulus fibrosis of the mitral valve is a frequent site of calcification. The lat- 
ter, however, often appears at points of functional strain, such as the valvular in- 

.«ertions. Calcification of the valve ring is always accompanied by a lesion of the 

valve, usually of a fibrotic type. Purely degenerative lesions of the ring, on the 
other hand, may be more limited. Calcification of the valve ring is more common 
in women than in men. Degenerative, calcific lesions of the valves are almost always 
caused by endocarditis, but calcific lesions of the valve rings may be due to either 
endocarditis or arteriosclerosis. 

Calcification Uinited to the aortic ring is rare. It may be caused by both inflam- 
matory and degenerative lesions (either ascending or descending). It gives no signs 
or symptoms, and is recognized roentgenologically only with difficulty. 

The differentiation between purely degenerative lesions and arrested, mild endo- 
carditic lesions can be made only by means of serial sections, and even then may 
be impossible. The two lesions, moreover, may bo either associated or superimposed. 
Impairment of cardiac conduction is rarely caused by extension of degenerative 
processes to the septum. 

Roentgenologic diagnosis of calcification of either the valves or their rings is 
easy, but often incomplete. The diagnosis is more difficult in cases in which the 
lesions are mixed. 

Data are given which can be used for the roentgenologic differentiation of cal- 
cification of the annulus fibrosis from that of the aortic valves. Means of differenti- 
ating, roentgenologically, between aortic and mitral valve calcification are also 
given. 

Calcification of the mitral valve is pathognomonic of mitral stenosis only when 
it is limited to the leaflets, in wliich case it is always the result of endocarditis. 
Valve calcification is a sign of valvular disturbance, usually stenosis, when it is of 
endocarditic origin. Degenerative processes rarely disturb the function of the mitral 
valve, but may cause aortic stenosis. 

Roentgenologic study of valvular calcification has illuminated many interesting 
phenomena of cardiac dynamics. Slight mitral stenosis and regurgitation 
were found in eleven cases, and slight aortic stenosis and regurgitation in only one 
case, out of twenty autopsy cases of purely arteriosclerotic, but extensive, lesions of 
the cardiac valves. 

Excellent sketches and adequate, or good, roentgenograms are presented. 
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reveals a compreliensive and accurate knowledge of the literature. He has made 
various tj’pes of observations on seventy eases. Perhaps the most interesting is the 
demonstration in one case of a “peripheral’^ muscular baud connecting the left 
auricle and left ventricle. The muscle in this band appeared to he nonspecialized, 
and thus resembled the multiple connections between the right auricle and right 
ventricle found by Wood, Wolferth, and Geckeler in a case with a similar electro- 
cardiographic anomaly. Another interesting observation is what appeared to be a 
familial incidence in two families. 

The author concludes that the abnormality of mechanism in .most cases is that 
suggested by Wolferth and Wood, in 1933, to the effect that the cardiac behavior 
could be accoxmted for by assuming that the excitatory process is transmitted from 
auricles to ventricles via ioth the normal channels and an -accessory conduction tract. 
He believes, however, that, in certain cases, the abnormality may be acquired, and 
that mechanical stimulation of a ventricle by auricular activity might be the under- 
lying mechanism. 

This monograph is unhesitatingly recommended to all who are interested in the 
anomaly of short P-R interval and prolonged aberrant QRS complex. The only 
serious criticisms this reviewer has to make are as follows; (1) The method of 
presentation, by which, in each of the nineteen chapters, all with a' summary, a 
single aspect of the subject is discussed, leads to much repetition. (2) The author 
has not utilized chest leads to the fullest advantage in his study of the subject. 
By their use, provided the exploring electrode is placed over both the right and 
left sides of the precordium, the fundamental difference.^ in mechanism between 
intraventricular conduction defect and this anomaly are so clearly displayed that 
confusion between the two would be difficult. 

CaanLES C. WoLPERin. 


Erratum 

On page 269 of the August, 1944, issue of The Journal, in a footnote 
to his review of Hipertension Arterial Nefroejena, Dr. Aldo Lui.sada 
stated that Professor B. A. Houssay has been working for the Rocke- 
feller Foundation since his dismissal by the present governmental regime 
of Aigentina. Later it was learned that Profes.sor Houssay is workino' 
in a private institute in Argentina. Some of his collaborators have ob"^ 
tained apparatus and assistance through the Rockefeller Foundation. 
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The eonteniporaiy literature of this disease suffers from the fact that 
many of those who have concerned themselves with the theoretical aspects 
of human echinococcosis have published tlieir observations in the foreign 
literature, so that much of the material is not readily available. That 
this is particularly true of the cardiac type of infestation is due, first, to 
the rarity of the condition, and, second, to the fact that it is an affliction 
Avhich had only once been suspected ante moitem prior to 1905,® and 
only once definitely diagnosed before 1925.'' 

Professor P. Deve, of Prance, is the figure who stands out as tlie 
authority on echinococeal disease. There is no entirely adequate sum- 
maiy of his work on cardiac echinococcosis in English, and much of 
his writing is not easily obtainable. Thus it seems ■wise at this time to 
allow the diagnosis of a ease of cardiac echinococcosis to serve as the 
basis for a discussion of the subject. Arce’s papers- on hydatidosis 
have recently offered an excellent background for the study of the more 
common forms of the disease. 

In our analysis of the literature we have collected fifty-six of the at 
least seventy-five reported eases of cysts of the left side of the heart. 
To these we have added five cases not previously reported, including one 
seen by the authors at the Peter Bent Brigham Hospital in the terminal 
phases (Case 1). 

The cases cited in this paper do not constitute all of those in the lit- 
erature for two reasons, namely, the inaccessibility of certain of the 
articles, and the unsuitability of some of the reports for proper analysis. 
It has been necessary to be somewhat arbitrary in deciding whether or 
not to include certain cases of involvement of the cardiac septa in this 
series. An effort was made to include only those eases in which the left 
side of the heart was definitely infested. 

History. — ^Prior to 1900, cardiac echinococcosis could be studied in the 
literature in numerous post-mortem reports and tabulations of such 
reports,®'^® but from little else. It is true that some of those charged 
Avith the care and examination of the victims of the affliction had ven- 
tured to speculate upon the origin of the cardiac cysts and the nature 
of the terminal events,®' but such studies Avere not productive of any- 
thing more than speculation. Therefore, Avhen Deve, of Eouen, first as 
a medical student and later as a professoi', began his investigations into 
the mechanism of echinococeal disease, particularly of possible routes of 
infestation and of the dissemination of the parasite AA'ithin the body, he 
found himself Avorking in an almost virgin field. He and his pupils 
remain the authors of virtually all definitive Avork on this disease. 

The first report of cystic disease of the heart which is definitely identi- 
fiable as echinococeal dates from 1836.®® Until the time of Deve’s 
thesis,®® in 1901, the number of eases of primary involvement of the left 
side of the heart and the systemic circulation numbered at least thirty- 
five. Since then this number has been augmented by about forty more. 
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CLINICAL AND THEORETICAL CONSIDERATIONS OF 
INVOLVEMENT OF THE LEFT SIDE OF THE 
HEART WITH ECHINOCOCCAL CYSTS 

A Review op the Literature, With a Report op Five New Cases, 
Including One Obseratsd by the Authors 


John H, PEnDRs, M.D., Lewis Dexter, M.D., and Soma WEiss,t M.D, 

Boston, Mass. 


E CHINOCOCCAL disease holds a somewhat unique position in that, 
despite the fact that it is extremely common in some areas, it has 
been given close attention by a surprisingly small number of investi- 
gators. The early work on pathologic anatomy and life cycle was thor- 
ough. Although some doubt exists regarding the actual mode of trans- 
mission from animals to man,^ hypotheses have been advanced which 
seem tenable in the absence of direct proof.-' ^ Studies of the disease in 
man have been limited principally to case studies, statistical compila- 
tions, reviews of surgical techniques, and pathologic reports. Trans- 
mission, pathogenesis, and the mechanism of human infestation, all fac- 
tors of vital importance in the understanding of any disease, have been 
left as the province' of a small group of men in various endemic areas, 
and it is to them that we owe our present knoAvledge. 

Clinical echinococcosis is predommantly a hepatic and pulmonaiy dis- 
ease. Its surgical therapy has been extensively discussed in the world 
literature. This paper is concerned with the small group of cases in 
which the primary infection passes through the hepatic and pulmonary 
filters to involve the heart, and secondarily the peripheral organs. Al- 
though such cases constitute, at most, less than 2.5 per cent of total 
human infestations mth the dog tapeworm,'*’ = they are important and 
interesting to the clinician because of the challenge they present in terms 
of diagnosis and treatment. 


From the Medical Clinic, Peter Bent Brigham Hospital, and 
Medicine, Harvard Medical School, Boston, Massachusetts. 
Received for publication April 3, 1944. 
tDeceased. 
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ing made to do so with less success.^® The increase in the number of 
diagnosed hydatids in North Americans has led Magath"^ to the belief 
that the disease is becoming, or has become, endemic in man in this 
country. 

There is a definite relation of cardiac infestation to age. Deve^®'=^® 
pointed out, as have others,-*”* ** that it is probable that tJie original 
infestation in human beings occurs usually in children, but that its 
clinical manifestations do not appear Avith great frequency until eon- 
siderablA*- later (except in the ease of intracranial cysts) because they 
must attain sufficient size to cause mechanical interference with the af- 
fected organ before making themselves ImoAvn. Cardiac cysts have 
only rarely given rise to symptoms befoi’e the age of 20 years, and the 
most common age for discovery is in the third and fourth decades, ex- 
cepting that group of eases in which symptoms never deA*elop and cardiac 
cysts are found incidentally at autopsy. Eeports have been published, 
however, of cysts at all ages from 11 to 70 jmars. 

The location of cardiac cysts is governed by the anatomy of the 
coronary arteries.^” Because the entrance of the right coronary is more 
direct than that of the left, the majoilty of cysts are found in the right 
side of the heart, roughly in the proportion of 3 Since the in- 
cidence of cardiac cysts has been estimated at 0.5 to 2 per cent of all 
echinococeal cysts,-*’ ” the eases of involvement of the left side of the 
heart constitute, at most, 0.75 per cent, and more probably less than 0.5 
per cent, of all eases. 

The auricles are far less often affected than the ventricles.^” 

The difference betAveen the sexes in the incidence of the disease is the 
same as in all eehinoeoecal disea.se, with males predominating d” the 
ratio is about 2:1,””' presumably because of occupational exposure. 

Etiology and Pathogenesis . — The primary form of the organism is 
the dog tapeworm. Echinococcus granulosus. Dogs are infested by eat- 
ing "Uncooked cysts, and therefore the disease predominates in stock- 
raising areas, particularly in sheep-grazing regions where dogs are kept 
for tending sheep. Magath^” has pointed out that in America and Eng- 
land, where the tradition has been maintained that sheep dogs must 
never be allowed to feed on mutton, the disease has never flourished, 
Avhereas formerly in Iceland,”” and at present in Australia, New Zea- 
land, and Argentina, Avhere such dogs are fed on uncooked oft’al from 
sheep and cattle, canine infestation and human disease are wide- 
spread.””’ 

The mode of transmission of the larvae from the dog intestine to hu- 
man beings remains in some doubt.^ In animals this takes place as a 
result of pollution of grazing grounds by dogs. Since some 70 per cent 
of bum an eysts are hepatic, it is presumed that the larvae travel by 
Avay of the digestive tract, but definite proof is difficult, if not impossible, 
to obtain. Deve has suggested”” that infestation takes place almost en- 
tirely in childhood, when association with pets tends to be most intimate. 
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It was early noted that the condition of these cysts of the heart varied. 
Originally reported as incidental autopsy observations, cases began to 
appear in which the rnptnre of cysts had obviously caused death.^- 20. 21 
It had always been recognized that the liver was the most common site 
of echinoeoccal cysts, followed by the lungs, and that the peripheral 
organs were far less frequently involved. It remained for Dev4, in 
the early years of this century,^' to explain the mechanisms re- 

sponsible for this distribution. In 1887 a cardiac cyst was first sus- 
pected as the cause of illness prior to death, « but it was not until the 
roentgen ray came into use that the first definite ante-mortem diagnosis 
was made (1905“^) . Since that time, additional ante-mortem diagnoses 
have been reported, including one® in North America. 

The possibility of operative removal of such cysts was suggested early, 
but the earliest reported attempt at such therapy that we have found 
was in 1921,2“ and the first successful operation was reported in 1932.®° 
Kemoval of a peripheral embolus arising from rupture of a cardiac cyst 
had been reported in 1889.®® 

Since the total number of cases in which the disease was diagnosed 
and treated remains so small (six and two cases, respectively) it must 
be obvious that the history of this condition remains largely unwritten, 
and that evaluation of the use of newer skills in thoracic surgery will 
be impossible for some time to come. 

Occurrence . — The geographic occurrence of hydatid disease of the 
heart is, as one would expect, that of echinococcosis in general. Au- 
stralia, New Zealand, North Africa, Europe, Asia Minor, Argentina, and 
Uruguay are the areas where it originates. A certain number of North 
American cases have been reported, although most of these persons in- 
curred their original infestation in foreign parts.®®’ ®® Of recent years 
several cases have been reported in natives of this continent,®’ ®2’ ®® and 
the question has arisen as to their origin. The appearance of such eases 
has reflected an increase in the extent of infestation of native cattle®®'®® 
(Table I). Curiously enough, the source of human infestation does 
not seem to be dogs, as it is in most endemic areas.®®’ ®° This has led 
some to think that the American reservoir may be in wild animals,®®’ 
which would render the problem of control far more difficult than in 
areas such as Iceland, where the disease has all but been wiped out by 
intelligent control measures,®® and New Zealand, where attempts are be- 


Table I 

Incidence of Echinococcus Infestation in Oatti,e and Cauves in the United 

States* 


YEARS 

NUMBER OF 
CATTLE EXiVMINED 

NUMBER OP CATTLE 
WITH HYDATIDS 

REFERENCE 

1897 to 1899 

8,831,927 

6 

35 

1937 

17,314,451 

1,923 

34 

1941 

15,520,427 

3,525 

34 


♦Figures for sheep and pigs not available for recent years, but rate of infection 
higher than in cattle in 1897 to 1899.” 
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The anatomy o£ the coronai-y arteries is such that the larvae are mosi 
easily carried directly into the right coronary, and, as a result, the pro- 
portion of cysts is roughly 3 :2 for the right and left sides of the heart, 
respeetively.’^’^’ 

The cysts may develop in several ways. A certain proportion of 
them die after attaining varying sizes, after which, unless they are so 
placed or so large as to cause mechanical difficulties, they become- 
fibrosed, with or without calcification, and are only discovered inci- 
dentally at operation oi' autopsy. Living cysts grow at what seems to 
be a fairly constant rate, depending on their location, and, from their 
size, much may be inferred regarding their age. A certain proportion 
of cysts rupture as a result of trauma or interference with blood supply 
and necrosis. "When this occurs, spread of the disease frequently follows 
by any one of a number of routes. There may be merely local formation 
of multiple cysts in the tissues immediately surrounding the site of rup- 
ture, but if the rupture is into the peritoneal camty, large blood vessels, 
biliary passages, or respiratory or digestive passages, distant spread 
^vill usually take place unless the cyst is dead, or unless the infesting 
material can be completely expelled in bile, feces, sputum, or vomitus. 
This infesting material may consist simply of cyst fluid and scolices, or 
it may contain actual “daughter cysts” formed by infoldings of ger- 
minal membrane following trauma to the cyst.=‘ These daughter cysts 
have the capacity of independent growth when carried elsewhere in the 
body by the blood stream or in other ways. Table III depicts the routes 
of spread from rupture of primary cardiac cysts to various organs. 

There are five main types of cardiac cysts, as follows: (1) dead cysts, 
usually markedly fibrosed or calcified, (2) living, intact cysts, (3) cysts 
which have ruptured into the pericardiiun, causing adhesions, with or 
without the formation of secondary cardiac cysts, (4) pedieled cysts in 
the heart cavities, and (5) cysts which have ruptured one or more times 
into the chambers of the heart. 

The division of cardiac cysts into the above five groups is of im- 
portance because the clinical picture is governed by the location and 
viability of the cyst. 

TiVBLE ni 

Site op Embou From: Cysts or the He.\bt — ^From Duhont^o 


Brain 
51 cases 
(64%) 


Heart 
(80 cases) 


Kidney 
14 cases 
(17.5%) 


Spleen. 
14 cases 
(17A%) 


Liver 
1 case 
( 1 %) 
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and De^\^^ and MagatV^ are of the same opinion. The most telling 
point in Deve’s argument is that one virtually never sees primaiy intra-, 
cranial cysts except in childhood.-*^’ Elsewhere in the body the cysts 
can develop and grow asymptomatically for long periods, and are fre- 
.quently not diagnosed until patients are older, whereas, in the cranial 
vault, such expansion cannot proceed indefinitely. 

After leaving the digestive tract the' larvae enter the portal circulation 
and are largely filtered out by the liver, where an unlmo^vn and probablj’^ 
variable proportion survive to fonn cysts. A far . smaller number of 
larvae pass the liver filter and enter the heart and pulmonary tree, where 
about a tliird of them are retained in the capillary bed, and the re- 
mainder pass into the systemic circulation. Deve'^ has suggested that the 
reason why the pulmonary filter is less effective than the hepatic is 
that the liver removes all of the larger larvae and that the pulmonaiy 
capillaries are relatively large. The eventual distribution of primary 
cysts is illustrated in Table II. 

These primary cysts, contracted presumably in childhood, . do not in- 
terest us further aside from the small percentage which are retained by 
the heart, except insofar as we are interested in differentiating them 
from secondary cysts arising from primary cardiac cysts. The cardiac 
cysts are formed by the entrance of the larvae into the coronary system.^® 

Table II 

Routes op Infestation and Site of Primary Echinococcal Cysts in Man — 

After Djev^i 


TR.\NSMISS10N PRIM.VBY CYSTS 

Intestine > Very rare 

100 % 

Liver -> 75% 


2o% 

Lungs > S.5% 

16.5% 

V 

Heart > 0.5% 

16% 


Systemic circulation 


Muscles Spleen Kidney Brain. Bone Miscellaneous 

5.5% 2.5% 2.0% 1.5% 1.0% 3.5% 
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later die, and still others progress to give symptoms, may develop 
daughter cysts, and may even rupture themselves at a later date to 
cause further dissemination. If the particles forming emboli are cpiite 
large, they usually cause local ischemia about the infareted area, witli 
death of the cystic material, followed by scarring about the site of im- 
plantation. The affected vessel may even recanalize after the death of 
the occluding cystic matter. Aside from the mechanical effects, there is 
no specific symptomatologic reaction to the implantation of germinal 
elements in the peripheral tissues. 

Another important group of systemic disturbances is attributable to 
the reaction of the body tissues, particularly the vascular system, to the 
protein substances freed from the cyst at the time of rupture. Tlie 
original invasion of the body bj' the cysts usually results in the develop- 
ment of sensitivity to eehinoeoceal mateiials. However, as long as a 
cyst is intact in the body, the system is protected by the cyst membrane 
from exposure to such allergens. This sensitivity forms the basis for 
the numerous skin and serologic tests now in general use for the diagnosis 
of echinococcal infections.'*-' In this regard, it is of interest that 
patients with single ej'sts of the brain frequently fail to give a positive 
skin test, although the test may become positive after operative extirpa- 
tion of such a eyst.®^ 

When a cyst ruptures in the heart, freeing cyst contents in the 
peripheral blood stream, the reaction may be of any degi’ee, depending 
on the viability of the cyst, and probably on other factors, such as dura- 
tion of previous infestation, previous ruptures, and the like. As a rule, 
the effects of such a reaction constitute one of the principal components 
in the clinical pictiu'e. 

A third important group of sjanptoms arises from the effect of the 
primary cysts on the function of the myocardium, either as a result of 
myocardial destruction, interference with valvular efficiency, or disturb- 
ance of conduction. Curiously enough, this type of disturbance does not 
figure prominently in the reported cases; it was noted in only thirteen of 
the fifty-six cases that we have reviewed. 

Deve-* has pointed out that, in carefully followed cases, impture of 
cysts into the pericardium is seldom fatal, and that rupture into the 
systemic circulation usually takes place several times before death occurs. 
Our case (Case 1) illustrates this, as do other case reports. Were 
clinical data more fully described in other reported cases, this list would 
doubtless be longer. 

Clinical Course . — Of the fifty-six eases of hydatid cysts of the left 
side of the heart that we have collected from the literature, fifteen, or 
27 per cent, were discovered incidentally at autopsy.^®’ In 

these cases the cysts remained silent throughout life. Nine, or 16 per 
cent, of this group died suddenly, and an intact cyst constituted the 
only lesion at autopsy.®®'^-* Although in this group there is some doubt 
as to whether or not the cyst was the cause of death, the relative fre- 
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The first group is one which is least frequently of clinical significance. 
As a rule such cysts are found only at autopsy, and do not cause symp- 
toms except when death of the cyst is preceded by rupture, ’ndth dis- 
semination of viable eehinococeal material. They may, however, be of 
such size or so located as to interfere with the function or circulation of 
the heart. 

The living, intact cysts are perhaps the most important of the entire 
group, for, if they are detected roentgenologicaUy, the indication is for 
surgical exploration and extii-pation to prevent subsequent rupture or 
further growth, which may interfere with cardiac function. 

Pericardial involvement, with its complications, may be an indication 
for surgical intervention, although the potential dangers and technical 
difficulties of such operations may be prohibitive. Deve-'* has pointed out 
that it is rupture inwards, rather than outwards, which causes most 
trouble from cardiac cysts. 

Pedicled cj’^sts in the chambers of the heart are found from time to 
time post mortem. Occasionally they cause sjmiptoms if they are so 
large or so placed as to interfere with vahuilar function. Their detec- 
tion is unlikely, although the possibility was considered ante mortem 
in one case.® Under such circumstances operative intervention might 
be conceivable, but differentiation from other valvular lesions would be 
difficult. 

The detectable cysts are probably largely contained in the fifth group. 
Group two may be detected in routine chest roentgenograms, and since 
such examinations are becoming a more and more common practice, 
this will undoubtedly happen more frequently than in the past. How- 
ever, since such cysts are frequently asymptomatic, they wiU not be 
found by other means in significant numbers. When cyst contents are 
poured into the systemic circulation, however, symptoms almost always 
result. It is at the time of rupture, therefore, that most ante-mortem 
diagnoses should be made. This wOl be most often true of cysts which 
pour daughter cysts into the vascular tree. 

When such a cyst ruptures, several systemic disturbances are to be 
anticipated. The first cause of such disturbances is mechanical, that is, 
the result of arterial occlusion by daughter cysts and other material, 
e.g., cyst wall, scolices, etc. It is of interest in this regard that when 
such material occludes arteries and causes symptoms, it is usually a 
large artery that is involved, e.g., femoral, iliac, carotid, or renal. This 
is probably due to the fact that involvement of smaller arteries is ob- 
scured by the general systemic and vascular reactions to be noted below. 

A secondary effect of these emboli is the dissemination of germinal 
elements from the primary cyst into the peripheral tissues and organs; 
these may or may not survive and later give rise to secondary cysts with 
or mthout eventual clinical significance, depending on the survival of 
the patient and on the survival of the secondary implantations. Many of 
these die shortly after implantation, others survive to form cysts which 
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of disturbance of cardiac function by the cysts, even in eases in which the 
cysts are large and the continuity of the myocardium is definitely dis- 
rupted. This is in part explained by the nature of the encapsulating 
membrane, which serves in lieu of myocardium where it replaces it. 

If the patient recovers from the initial shock of the rupture, he may 
be left mth a gangrenous extremity, unilateral renal shut-down, hemi- 
plegia, or other embolic sequelae ; he may be entirely asymptomatic, only 
to be struck do^vn by a subsequent recurrence or by the gradual develop- 
ment of multiple intracranial cysts, with epilepsy or other symptoms of 
-intracranial growth;^ or again the extension may be to other peripheral 
organs with comsponding symptoms. 

It is not entirely justifiable to conclude that a cardiac cyst exists 
simply because of the sudden appearance of a shower of hydatid emboli 
in the peripheral circulation, because such cysts may originate from the 
rupture of pulmonary cysts into the pulmonary veins. This, however, 
is an occurrence which has only rarely been reported, for pulmonary 
cysts usually rupture into bronchial passages. 

Diagnosis, Treatment, and Prognosis . — Of the fifty-six cases we have 
collected from the literature, in five,^* ** -®’ or possibly six,® the 
diagnosis was made prior to death. In an additional case the diagnosis 
was made by Dr. H. R. Dew (Case 5 of this report). The diagnosis of 
cardiac echinococcosis is essentially the same as it is in the ease of other 
organs of the body, with certain added difficulties which arise from the 
fact that heart cysts tend to be asymptomatic, and can, therefore, usually 
be detected only roentgenologically. There are a number of skin and 
serologic tests, none of which are universally satisfactory,^^’ although 
high specificity is reported for several — one as high as 85 to 95 per 
cent.®® 

Eosinophilia is reported in a considerable proportion of cases, although 
it is not always present, even after rupture of a cyst. The presence of 
one or more cysts in peripheral organs may serve as the clue which will 
lead to roentgenologic detection of a cardiac cyst. The sudden occur- 
rence of unexplained anaphylactoid collapse, particularly in persons 
bom in regions where hydatid disease is endemic, should always arouse 
suspicion of rupture of a cyst, particularly in the heart, for the freeing 
of eehinoeoeeal protein directly into the blood stream seems to cause 
such reactions in a greater proportion of cases than does the rupture of 
cysts elsewhere. 

There is reason to believe on theoretical grounds that the presence 
of a cyst or cysts in the myoeardiiun should give rise to abnormalities 
in the electrocardiogram, and a recent ease in which tracings were ob- 
tained® bears this out. In our case (Case 1), the electrocardiogram was 
entirely normal except for minimal depression of the S-T segment in 
Lead IV. 


*In this regard. Ddvd’s experimental production of mtracrpiial pressure 
bv the iniection of scolices was probably the earliest and most satisfactory method for 
the study of increased intracranial pressure in the intact animal." 
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qiieney of its oecurreiice suggests the sudden appearance of a fatal 
arrhythinia; Thirteen, or 23 per cent, had signs and symptoms of im- 
paired cardiac function.^’ 

In another group of cases the course was one of rupture of the cardiac 
cyst, with more or less prompt fatality, either due to anaphylaxis or to 
circulatory obstruction by cyst contents in the heart itself or in major 
peripheral vessels. In fourteen (25 per cent) of the fifty-six cases, 
rupture was the primary cause of death. Rupture, however, need not 
necessarily be followed by death. Our ease (Case 1) is an example of 
repeated rupture into the heart, and, in sixteen (27 per cent) of the 
fifty-six eases, rupture had occurred previously without causing death. 
Without having ever seen a ease, and at a time when adequate case re- 
ports were not yet available, Deve wrote a prophetic description of what 
the clinical picture of rupture of a cardiac cyst into the systemic circula- 
tion Avould be, and subsequent observers of such eases have confirmed 
rather than corrected his predictions. His remarkable description fol- 
lows (our translation) ; it is taken from a quotation by his pupil, MRe. 
Dumont, in her thesis on cardiac echinococcosis, written in 1918, 

“Sudden onset in apparently totally healthy subject. Immediate onset 
of anxiety with or vuthout lipothymic state or epileptiform crisis, or 
merely a sensation of tingling throughout the extremities. Headache 
with or udthout ocular disturbances. Often vomiting. Soon, pain in the 
extremities, accompanied by wealmess or mild spasticity, accompanied 
particularly bj’’ circulatoiy disturbances of the extremities giving rise 
sometimes to ecchjmotic areas or to marbling, sometimes to a true Ray- 
naud’s syndrome : cyanosis of the extremities, cold, decrease in intensity 
or disappearance of arterial pulsations, pain. Without doubt, one will 
often find, in such cases, a more or less profuse albuminuria, with or 
without hematuria, caused by microscopic renal emboli. Finally one can 
predict that an urticarial eruption may ensue to clarify the nature of 
these disturbances, 

“. . . such a description is entirely theoretical. Thus it makes no 
pretentions other than to state the problem and to call the attention 
of clinicians to a matter which has up to now remained obscui-e and 
which appears to us interesting. There is no doubt that, sooner or later, 
new clinical observations will fill the gaps (in our loiowledge) and per- 
mit the substitution of a real symptom at ologj’’ for our hypothetical 
estimate.” 

It is a real tribute to Professor Deve that “substitution” of the “real 
sjmiptomatology” is not necessary. 

The patient’s course subsequent to rupture of a ej’^st may take ahnost 
any form, depending upon the severity of the reaction to the echinocoeeal 
proteins, on the size and type of cyst ruptured, on the site and extent 
of embolic involvement, and on the degree of impairment of cardiac 
function resulting from interference with myocardial integrity. One of 
the most remarkable features of cardiac hydatids is the relative rarity 
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DISCUSSION 

Eehinococeal infestation of American cattle seems to be increasing, ac- 
cording to reports of slangliterliouse inspectors (Table I), and there is 
no reason to feel that the same is not true among our sheep and hogs, 
although figures are not available. This increase may well be reflected 
sooner or later by the appearance of eases of eehinococeal infestation ac- 
quired in this country, although in the past almost all eases have been in 
foreign-born persons.^^’ Large numbers of American physicians are 
active at this time in areas where the disease is endemic (North Africa, 
Europe, Australia, and New Zealand) , and there is every likelihood that 
they will encounter local inhabitants with this disease. Our own troops 
are not likely to become infested with echinococcus, however, because 
it is a disease Avhieh seems to be contracted predominantly in childhood. 
Transportation advances in the near future should bring physicians 
throughout the world into contact Avith a larger number of transient or 
permanent visitors from areas Avhere this disease is common. Thus our 
physicians are more likelj^ than before to be faced with the problems 
of echinococcosis. 

Aside from the fact that such eases may be more frequently seen in the 
near future in North America, it is quite possible that advances in the 
technique of thoracic and cardiac surgery ivill offer cure, or at least re- 
lief, from a condition which previously had been of clinical interest but 
without therapeutic potentialities. Cardiac echinococcosis can profitably 
be added to the list of diseases of the heart which are amenable to 
surgical treatment. 


STOni-VRY AND CONCLUSIONS 

Fifty-six cases of echinococcus infestation of the left side of the heart 
have been coUeeted from the literature, and five new cases added. In- 
vasion of the left side of the heart by echinococcus cysts has been dis- 
cussed in detail from the point of view of pathogenesis, clinical course, 
diagnosis, prognosis, and treatment. Although this is a rare disorder, it 
is Avorthy of emphasis in that it represents a type of unusual heart dis- 
ease for which surgical relief is promising, noAv that improved techniques 
of thoracic exploration have been developed. 

REPORT OP CASES 

Case 1 (M59783). — D., a 43-year-old Italian houseAvife, Avas fii’st 
seen at the Peter Bent Brigham Hospital on March 12, 1941, because 
of attacks of unconsciousness of nine years’ duration. The family and 
past histoiy Avere noneontributory except that she Avas born in Italy and 
came to this country in 1931. She had ahvays been Avell until 1932, Avheii 
she developed her first seizure. Her second attack occurred in 1937. 
Both attaelis Avere similai*, in that she Avas seized Avith sudden, shai'p 
epigastric pain and loss of consciousness Avithout aura. She became 
cyanotic, frothed at the mouth, and aa'rs found to be in profound shock ; 
neither the blood pressure nor the pulse Avas obtainable. There Avere no 
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Calcification of cyst walls, as seen roentgenologically, would appear 
to fie a confirmatory, altliougli not a specific, diagnostic point, for it is 
unusual for pulmonary cysts to show calcification.^ 

Treatment of cardiac cysts is a virtually virgin field. Long^“ reports 
a ease in which operative removal of cyst contents in a 42-year-old 
woman was followed by recovery. Sucli treatment had been suggested 
in the past, but so far as we know this is the first case in which such 
treatment has been attempted. Eecent advances in technique have 
rendered operations on the heart and pericardium far less uncommon 
than previously, and it may well be that operative removal prior to rup- 
ure will be the prophylactic therapy of choice in the near future. No 
other effective therapy is Imown, unless the physician in charge has 
sufficient temerity to attempt injection of the cysts after puncture and 
evacuation of the contents, which is unlikely with cardiac cysts. The one 
reported attempt-'^ resulted in death. Aside from the one ease noted, no 
attempts have apparently been made to treat such cysts up to the be- 
ginning of 1943. The evaluation of surgical measures, therefore, remains 
to be made in the future. 

In deciding on operative treatment of cardiac cysts, two important 
factors should be given consideration. First, it should be ascertained 
whether or not the cyst has previously ruptured and caused extension, 
for the patient may benefit little from removal of a cardiac cyst if he 
is already being affected by secondary intracranial cysts. Secondary 
cysts elsewhere than in the brain can be dealt with later, but therapeutic 
success in dealing 'with multiple brain cysts is rare.’*-'’ Second, one should 
attempt to differentiate cardiac cysts from pulmonary cysts adjacent to 
the heart, for the operative technique and prognosis are not identical 
(Case 6). Treatment should offer more if operation is undertaken prior 
to impairment of cardiac function by growth or intrapericardial rupture 
of the cyst. 

It is well to point out the importance of accurate diagnosis with re- 
gard to intracranial cysts. Dew^^ has shown, as have others, that success 
in operative therapy of such cysts is dependent on elimination of eases 
of secondary involvement. Once a single primary cyst has been removed, 
recovery usually ensues if the patient survives the operation, but multiple 
secondary cysts can seldom be completely removed. A careful search for 
cardiac cysts, therefore, should always precede craniotomy in eases in 
which intracranial echinococcus cysts are suspected. 

The prognosis of cysts of the heart should probably be considered 
unfavorable, although it is true that fifteen out of a total of fifty-sLx 
cardiac cysts were found incidentally at autopsy. Viable cysts must be 
expected to progress to the point of rupture or interference with cardiac 
function, and after the occurrence of either of the above the outlook 
must be considered ultimately fatal, although the patient may survive 
for a varjfing period. This may well be changed by operative treatment. 
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Neurologic examination revealed the following: The head was held 
to the left; the eyes were held iir left conjugate deviation, with roving 
movements ; the right pupil Avas larger than the left ; there Avas question- 
able blurring of both nasal disc margins ; a patch of exudate Avas seen in 
the left fundus, and one of the small arterioles was occluded; the jaws 
could not be opened. The arm reflexes Avere hyperactive, and rigidity 
Avas marked, especially on the left; the abdominal reflexes Avere not ob- 
tained; the leg reflexes Avere hyperactive, particularly on the left; 
Babinski, Oppenheim, and Gordon signs AA^ere present bilaterally; 
bilateral ankle clonus Avas noted, as Avell as fine muscular tAA itchings and 
urinary incontinence. 



Pic. 1. — ^Roentgenogram of chest of patient M D. (Case 1), showing a mass in the 
region of the hiium of the right lung, and another along the ieft border of the heart. 
See Fig. 2 for autopsy correlation. 


On the day of admission, a roentgenogram of the chest revealed “con- 
siderable Avidening of the upper mediastinum and a small nodule at me 
aurieulo-ventricular junction on the left. Lungs Avere clear.” This 
roentgenogram aa'us the same as the one taken in May, Avhich is shoAvn 
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convulsions. She was incontinent of urine, and passed foul flatus which 
was colored by brick-red blood. No skin lesions were noted. With 
symptomatic treatment patient regained consciousness within a few 
hours and attained complete recovery within a week. A roentgenogram 
of the chest in 1937 showed no abnormality of the heart or lungs except 
for some thickening of the pleura at the right' base laterally. Eoent- 
genologically, the stomach, duodeniun, and colon were lilcewise normal. 
The patient was asymptomatic for three years. 

She developed seizures in April, 1940, February, 1941, and March, 
1941. These attacks were preceded by sticking and “pinching” pares- 
thesias of the lower half of the body, especially on the left, and by flashes 
of light. Flaccid unconsciousness, without convulsions, ensued, and 
lasted about thirty minutes. During the last attack the jaws were tightly 
clamped together and she drooled sputum. Black spots were said to 
have appeared on her left arm. During the period of recovery she 
had difficulty in swallowing and talking and wealoiess of the left arm and 
leg. At no time were cardiac symptoms apparent. A roentgenogram 
of the skull showed nothing abnormal. The blood sugar was 86 mg. 
per cent. The spinal fluid was entirely normal. An electroencephalo- 
gram was reported as “not typically epileptic, but abnormal.” 

On May 23, 1941, she had two mild attacks and was readmitted to the 
hospital because she was suspected of having a brain tumor. A roent- 
genogram of the chest at this time revealed two nodular masses, one 
opposite the ascending aorta on the right, and the other at the auriculo- 
ventrieular junction on the left; they measured 4.5 cm. and 2.5 cm., re- 
spectively (Fig. 1) . These masses could not be separated from the cardio- 
vascular shadow and did not seem under the fluoroscope to have intrinsic 
pulsation. The mass on the left was described as apparently having the 
usual auriculoventricular junction motion. A ventriculogram on June 
6, 1941, revealed moderate dilatation of both lateral ventricles and the 
third ventricle. More than the usual amount of air was around the 
Islands of Eeil. The ventricles were displaced slightly to the right of 
the midline. The patient was discharged without a definite diagnosis. 

She was readmitted Dec. 16, 1942, in coma. She had been well since 
discharge until the evening before admission, when at suppertime she 
suddenly felt ill. She lay down and was swept by the familiar sensation 
of pins and needles which were worse on the left side. She could hardly 
move that arm. Epigastric and lower abdominal pain and urinary in- 
continence ensued, but there was no loss of consciousness, aphasia, 
or convulsions. Her doctor found a temperature of 97° F., a pulse rate 
of 80, and a systolic pressure of 70 mm. Hg. She vomited on several 
occasions. Several hours later her face became swollen. Thick, tenacious 
material came from the mouth. She began to shake as if having a chill, 
and soon became unconscious. The next day her physician foruid her in 
coma and sent her to the Peter Bent Brigham Hospital. 

Physical examination revealed a weU-nourished patient in coma and 
breathing irregularly. Facial edema was noticeable. Many peteehiae 
were observed over the chest, back, arms, and conjunctivae. The lips 
were dry. Ehonchi were heard throughout both lungs, and moist rales 
both bases. The heart sounds and rhythm were normal. 
The blood pressure was 84/66. Neither the brachial nor common carotid 

The right arm was cooler than the 
lett, but both legs Avere of the same temperature. Neither dorsalis nedis 
artery could be felt. ^ 



158 


AMERICAN HEART JOURNAL 


was partly filled with blood clot and partly with gelatinous and mem- 
branous material. Its fibrous capsule had replaced the atrial myocardium. 
Just above the auriculoventricular junction, next to the aortic valve, 
there was a 1.5 cm. point of rupture. 

The entire right hemisphere of the brain Avas somewhat atrophic, and 
the right temporal and occipital lobes showed area.s of degeneration, but 
no cysts Avere found. Several small translucent cysts Av^ere present in 
the spleen. 


r 

{ 



Fig. 3. — Heart of patient M. D. (Case 1), showing the echinococcus cyst, full of 
blood clot, lying in the wall of the left atrium. The marker indicates the point of its 
rupture into the atrial cavity. 


An old small eehinoeoeeus cyst was present in one Iddney, and one of 
minute size Avas seen microscopically in the thyroid. No cysts were found 
in the lungs, liver, alimentary tract, pancreas, gall bladder, or pelvic 
organs. 

Emboli and thrombi consisting of membranes and cyst contents Avere 
present in the left ventricle, both internal carotid arteries at their 
junction Avith the circle of Willis, the left middle cerebral ai’tery, the 
celiac axis, the superior mesenteric artery, the right renal arteiy, and the 
splenic artery. 
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in Fig-. 1 The electrocardiogram was entirely normal except for minimal 
depression of the.S-T segment in Lead IV. The urine contained a few 
leucocytes and many granular casts. The hemoglobin was 14.5 Gm. 
The leucocyte count was 17,500, ^vith 96 per cent polymorphonuclears, 
4 lymphocytes, and no monocytes or eosinophiles. The blood urea 
nitrogen was 19 mg. per cent. The spinal fluid on admission contained 
300 erythrocytes and 34 mg. per cent of protein. Just before death it 
was opalescent and faintly reddish, and contained 30,000 erythrocytes 
and 53 mg. per cent of protein. Despite therapy the patient lapsed 
further into coma and died on December 18, two days after admission. 

Mitopsy . — Autopsy revealed numerous petecliiae over the thorax, 
buccal mucosa, and conjunctivae. The heart was grossl}’- somewhat en- 
larged. The right auricle and ventricle were normal. I’our cysts were 
present on the left side of the heart (Fig. 2).- On the posterior surface 
there was an intact cyst 3.5 cm. long and 1.5 cm. in the anteroposterior 
diameter overlying the interventricular septum and left ventricle. Be- 
tween the ascending aorta and superior vena cava there was a tense ovoid 



Pig. 2. — Heart and lungs of patient M. H. (Case 1), showing the paracardiac cyst at 

.4. and the cardiac cyst at B. 


cystic mass 4 cm. long, 3.5 cm. in transverse diameter, and 3 cm. in the 
anteroposterior diameter (cyst A in Fig. 2). It was located outside the 
heart, but had destroyed by pressure all but a 4 mm. thickness of myo- 
cardium_ between the cyst and the cardiac lumen. No erosion had oc- 
curred into the aorta or vena cava. The third cyst was 2.4 cm. in 
diameter and was located on the left margin of the heart at the auriculo- 
ventricular junction. It protruded from the epieardial surface and was 
covered with densely adherent pericardium (cyst B in Fig. 2). The 
fourth cyst was roughly spherical, measuring 3.5 cm. in diameter, and 
was located on the posterolateral aspect of the left atrium (Fig. 3). It 
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On examination he appeared to be a very healthy and well-developed 
young man. The pulse rate was 74, the blood pressure, 124/88, and the 
temperature, normal. His chest showed a slight increase in size on the 
left; the apex beat was in the fifth intercostal space, 4^ inches from 
the midline. An area of dullness continuous with the cardiac dullness ex- 
tended out to the scapular line and up as far as the third rib. The vocal 
resonance and vocal fremitus were diminished over this area, but were 
present below towards the left base posteriorly. The heart sounds were 
normal, and an electrocardiogram, taken later, showed no abnormality. 



Fig. 4. — Roentgenogram of the chest in Case 6, showing the rounded tumor mass 
which at operation was found to he a parapericardial hydatid cyst of the left lung. 
The small lead shot was used as a marker. 

Nothing abnormal was detected in the other organs. Koentgenograms 
revealed an oval shadow Avhieh was continuous with the cardiac shadow . 
above and to the left (Fig. 4). The diagnosis of hydatid cyst in close 
contact with the heart was made. The Casoni intradermal test was 
positive. 

Operation, on Feb. 8, 1940, was performed under gas and oxygen 
pnesthesia. Thoracotomy, with removal of 3 inches of the seventh rib 
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Comment . — This is an excellent illnstration of involvement of the left 
side of the heart, with wdespread embolic dissemination. The clinical 
picture of anaphylactic shock with embolic manifestations is classical for 
this condition. 

Cases 2, 3, and 4 were collected from the Hydatid Registry of the 
Royal Australasian College of Surgeons by Dr. Louis E. Barnett, of New 
Zealand, who has Idndly allowed us to publish their abstracts. Although 
data conceming these cases are few, they are being included as illustra- 
tions. 

Case 2. — “Australian: Operated on for ruptured liver cyst in 
August, 1933, and said to have multiple metastatic cysts elsewliere due 
to a leaking primary liver cyst. Details very meagre and inconclusive. ’ ’ 

Comment . — This was apparently one of those cases in which cardiac 
involvement was not significant. It is unusual in that both liver and 
heart were involved simultaneously. 

Case 3. — “New Zealand: Little girl age 5; unsuccessful operation on 
December 7, 1938, for cerebral cyst. Postmortem examination revealed 
cyst in the left ventricle of the heart and also 2 cysts in the liver.” 

Comment . — ^This is another ease in which liver and heart were simul- 
taneously involved, and in which the cardiac cyst was discovered 
incidentally at autopsy. 

Case 4. — “New Zealand: Lad age 18 who died suddenly from the 
effects of rupture of a degenerated cyst into the left ventricle. Autopsy 
revealed embolic plugging of the aorta from the level of the first lumbar 
vertebra to the common iliac artery with hydatid material. ’ ’ 

Comment . — This case illustrates sudden death from rupture of a cyst 
and massive embolic manifestations. 

Case 5. — Dr. Harold R. Dew, Professor of Surgery, University of 
Sydney, Australia, recently -wrote us as follows concerning a case of 
hydatid cyst. “I saw a boy the other day with an undoubted cardiac 
cyst, although there is no sign of it clinically or radiographically, but 
he had an embolism of hydatid membrane in the femoral artery follow- 
ing a typical anaphylactic attack. The hydatid membrane was removed 
from the lumen of his artery, but his leg became gangrenous and he had 
to have an amputation. He wiU, of course, be followed up later.” 

Comment . — This is an illustration of one of the not uncommon ways 
in which a cardiac cyst makes itself Imown, as Dr. Dew has pointed 
out. It is important to recognize the possibility, however, that rupture 
of a pulmonary C 3 ^st into a pulmonary vein may give the same picture, 
as is illustrated by the follondng case. 

Case 6 . — A young farmer, E. T., aged 22 years, was admitted to the 
hospital on Jan. 30, 1940, on the service of Dr. Harold R. Dew, %vith a 
story of attacks of unexplained pleurisj'- over the preceding two years, 
with sonie discomfort in the left side of the chest and occasional attacks 
of palpitation on exertion. He had had a roentgenogram in the country, 
and the diagnosis of cardiac hydatid cyst had been made. 
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paresis, with left homonymous hemianopsia. In addition, he had a con- 
vulsive state which started on the left side and later became generalized. 
Mentally he showed retention defects, with defective recent memoiy. 
His main difficulty was his pai’anoid state. No direct evidence of cardiac 
or pulmonary involvement with cysts has yet been obtained. 

Goynment . — ^Multiple echinococcus cysts of the occipital lobe were 
found in this patient at operation. He has since developed paranoid 
tendencies. Dumont^® and Dew^® feel that such cases are almost cer- 
tainly secondary to cardiac involvement, but ultimate decision must 
await the development of changes in the roentgenograms or post-mortem 
examination to ascertain whether the source was lungs or heart. 



Fiff. 5. — Cross section of brain of patient L. C. (Case 8), showing the two large cere- 
bral echinococcus cysts. 


Case 8 (S636). — ^L. C., a 24-year-old, Italian-born laborer, was ad- 
mitted to the Peter Bent Brigham Hospital Nov. 29, 1913, with a history 
of diffuse headache and gradual loss of use of the right arm for two 
months, and numbness and weakness of the right leg for one month. 
These symptoms had gradually increased in severity, making walking 
difficult. For one week before admission, he had a speech defect. The 
family history and past histoiy were noneontributory except that the 
patient had had malaria one year previously. 

On physical examination the patient had right homonjonous hemi- 
anopsia. The optic discs were slightly choked. The right pupil was 
larger than the left. Partial motor aphasia was present. The heart 
was entirely normal in size and shape ; the sounds were normal, of good 
quality, and without murmurs. There were slight dullness and broncho- 
vesicular breathing at both apices, more pronounced on the right than on 
the left. The liver was not enlarged. The edge of the spleen was just 
palpable. The left arm was normal. The right arm was paralyzed with- 
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in tlie midaxillary line, was undertaken. The pleura was found adherent 
(suspected because of the previous pleuritic attacks), the oyst was 
evacuated (about 21/0 pints of fluid were obtained), the laminated mem- 
brane, was removed, the cavity was swabbed out, and a drainage tube 
was inserted; the skin incision was loosely closed. During the opera- 
tion the wall of the left ventricle was felt through the pericardium, 
which made up part of the adventitia of the cyst. 

During the first few days after operation the patient had some in- 
teresting attacks of tachycardia and cardiac distress which I believe 
were due to sudden dislocation of the heart towards the large cavity 
to the left. These subsided after a few days. He had a mild, passive, 
pleural effusion Avhieh cleared up without any treatment in about ten 
days. He was discharged March 10, 1940. Roentgenograms now showed 
that the left hemithorax was normal. 

Comment .- — This patient had a parapericardial cyst of the left lung; 
the case is included as an illustration of the diagnostic difficulties en- 
countered in differentitating cardiac from extracardiac cysts. 

Cases 7 and 8 are from the files of the Peter Bent Brigham Hospital. 
Although both have been reported previously,=^> Case 7 was not sus- 
pected at the time as being one of cardiac cyst, and Case 8 seems appro- 
IDi'iate for emphasizing the typical features of rupture of a cardiac cyst. 
In these reports there was no mention of cardiac cysts. 

Case 7 (S28014). — ^M. G-., a 41-year-oId Italian photographer, was 
referred to the Peter Bent Brigham Hospital on Jan. 18, 1927, with a 
diagnosis of brain tumor. His illness began with the insidious onset of 
headache over a period of two years, followed by failure of vision in the 
right eye and slight loss of memory. 

Physical examination revealed weakness on the left side, left 
homonymous hemianopsia, and bilateral choked disks of 2^0 dioptei’s. 
Neurologic examination was otherwise negative. The heart sounds were 
regular and of good quality. 

A stereoscopic roentgenogram of the chest revealed a small area of 
infiltration at the apex on the left, largely fibrosed and partly calcified. 
The lungs elsewhere were normal. The mediastinal and cardiac con- 
tours Avere not remarkable. Ventriculograms revealed dilatation of both 
lateral ventricles and displacement of the third ventricle to the left, 
suggesting a tumor of the right occipital lobe. Operation was delayed 
for several days, and the patient suddenly became restless and vomited 
on several occasions. He had an attack of unconsciousness lasting about 
one minute. The following day he had a severe headache and Avas rest- 
less. A feAV hours later he became drowsy, and by afternoon Avas uncon- 
scious; he Avas ashen, and his respiratory rate Avas 8 per minute, with 
long periods of apnea. He Avas immediately given 75 c.c. of 15 per cent 
sodium chloride solution intravenously, and improved. A right sub- 
temporal decompression Avas performed that evening, and ten days later 
hydatid cysts Avere removed from the right occipital lobe. After a some- 
Avhat stormy convalescence, recovery Avas excellent for a period of several 
years. In 1931, hoAvever, he began to have epileptic attacks, usually 
after a bout of drinldng. In 1938 he had to be institutionalized because 
of the development of paranoid tendencies. When last examined by 
Dr. Louise Eisenhardt, in July, 1942, he had a mild left-sided hemi- 
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9 cells per cubic millimeter; tests for globulin and the Wassermann re- 
action were negative. An echinoeoeeus complement fixation test on the 
patient's serum postoperatively was reported as positive. 

The patient shortly became drowsy, restless, and finally stuporous, and 
developed complete motor aphasia. On Dec. 4, 1913, Dr. Cushing 
removed three echinococcus cysts, the size of golf balls, from the left 
temporal region. 

After the operation the patient was temporarily improved, but soon 
developed signs of an increase in intracranial pressure.^ The bone flap 
was eventually removed, and many aspirations of bloody yellow fluid 
were performed subsequently. Ee-exploration was done March 3, 1914. 



Pig. 7. — Heart of patient L. C. (Case 8), showing the cystic mass (ruptured post 
mortem) lying in the cavity of the left auricle. 

but no other cyst was found. After each aspiration the patient was 
better, and at times was able to walk and use liis right arm to some ex- 
tent. As signs of an increase in intracranial pressure returned he would 
become worse. Five and one-half months after admission to the hospital, 
in May, he began to grow worse rapidly, Avith loss of appetite and emacia- 
tion. In June he became stuporous, and died on June 14. 

Autopsy revealed echinococcus cj'sts in the brain and heart, but not 
in the liver, lungs, or any other organ. In the brain there Avas a cyst 
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out atrophy. Altliough the legs were normal with respect to strength 
and sensation, some ataxia was noted bilaterally with the heel to knee 
test. The arm reflexes on the left were not obtained ; those on the right 
were hyperactive. The knee jerks Avere bilaterally hyperactive. The 
Babinski, Oppenheim, and Gordon tests were negative; the Romberg- 
test Avas positive. 

o 



Fig-. G. — Heart of patient L..' C. (Case 8), showing large mass attached to the su- 
perior portion of the right auricle. 


A roentgenogram of the skull shoAved nothing abnormal. The blood 
■Wassermann reaction Avas negative. Urine analysis Avas negative. The 
leucocyte count Avas 7 , 500 , Avith 71 per cent neutrophiles and 7 per cent 
eosinophiles. The spinal fluid Avas under normal pressure ; there were 
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8 cm. in diameter in the right occipital region, and another 31/^ cm. in 
diameter in the left midhemisphere, extending posteriorly to tlie occipital 
.lobe (Fig. 5). The heart weighed 410 grams with its cyst attached. 
Attached to the superior portion of the right auricle and running 
posteriorly to the level of the inferior region of the heart, was a large 
mass covering the base of the heart (Fig. 6). The mass was fluctuant 
and was approximately 8 cm. in diameter. It was slightly lobulated. 
It had no connection with the vessels or the chambers of the heart, but 
was closely connected to the wmlls of the auricle. In the left auricle a 
mass about 3 cm. in diameter was found to be adherent to the auricular 
septum, hanging from its superior pole down into the auricle, making 
a mass possibly one-third as large as the capacity of the chamber itself. 
The wall of this cyst chamber was about 1 mm. in thickness; it was white 
and rather friable. In removing the heart it was apparently ruptured 
(Fig. 7). Hooldets were demonstrable in the cyst contents from both 
brain and cardiac cysts. No scolices were. seen. 

Comment . — This is another case -which illustrates cerebral cysts 
secondary to primary cysts of the heart; the existence of the cardiac 
cyst was unsuspected at the time of the brain operation. The cyst in 
the left auricle was of the pedicle type, but had given rise to no cardiac 
signs or symptoms. 

The authors wish to acknowledge their sincere gratitude to Professor H. E. Pew, 
of Sydney, Australia, and Sir Louis Barnett, of New Zealand, for tlie use of cases 
and advice; to Drs. Jose Arce, Pedro Cossio, and Jose M. Jorge, of Argentina, for 
advice and materials; and to Dr. A. "W. Miller, of the Department of Agriculture, for 
statistics on echinococco.=is in the United States. 
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HEART DISEASE IN THE SOUTH 

I. A Statistical Study of 1,045 Cakdlvc Deaths 

Alice Baker Holoubek, M.D. 

New Orleans, La. 

S EVERAL interesting studies of the incidence and etiological types 
of heart disease, based on clinical material from every section of 
the United States, have been published.^'^*’ Relatively few of these 
surveys^' originated in the South, and fewer'“ considered autopsy 

material. One general impression gained from these reviews was that 
rheumatic heart disease is relatively insignificant in the South. The 
surprising number of patients with rheumatic heart lesions encountered 
on the wards and in the clinics of the Charity Hospital of Louisiana at 
New Orleans instigated this study. This was later expanded to a statis- 
tical study of cardiac deaths at this institution. The autopsy records 
of the years 1935 to 1940, inclusive, were reviewed, and all deaths due 
primarily to heart disease were studied^ and classified etiologicaUy ac- 
cording to the criteria of Classification of Heart Disease of the American 
Heart Association. The diagnoses were made on autopsy data, and, in 
eases of heart disease which does not cause characteristic anatomic ab- 
normalities, on clinical observations. In tliose cases in which two or 
more etiological types of heart disease were present, the one which 
was the cause of death determined the classification under which it was 
included, and the coexisting types were listed as associated conditions. 
In a few cases this was impossible, and these were listed as a combined 
group. Since this survey was confined to eliarity eases, it covered heart 
disease in the lower economic groups only. 

A total of 8,313 autopsies were performed during this period. In this 
series, 1,045 deaths (12.6 per cent) were attributed primarily to heart 
disease. The majority of these pei'sons (665, or 63.6 per cent) Avere 
Negroes and the remainder (380, or 37.4 per cent) Avere AA'hite. The 
age at death varied from stillborn to 98 years. There Avere 704 males 
(67 per cent) and 341 females (33 per cent). Figs. 1 and 2 shoAV the 
causes of cardiac deaths and the incidence of each in the AA'hite and 
Negro races. 

Hypertensive . — The greatest number of cardiac deaths Avere due to 
hypertensive heart disease. Four hundred tAventy-three persons (40.5 
per cent of the entire series) died of this condition, of Avhom 294 

From the Department of Medicine of the Louisiana State University School of 
Medicine and the Charity Hospital of Louisiana at New Orleans. 

HeceWed for publication April 15, 1944. 

•The members of the Patholojjy Department of the Hospital and of the Louisiana 
State University School of Medicine were very cooperative, and assisted in the study 
of records which proved didlcult to interpret. 
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(69.5 per cent) were Negroes and 129 (30.5 per cent) were white. Of the 
Negro persons, 185 (63 per cent) were males. The percentage of males 
was also higher in the white race, namely, 70.6 per cent, or 101 eases. 
The distribution according to age is clearly shown in Fig. 3. The 
most commonly associated cardiac complication in this group was arterio- 
sclerosis, which occurred in 143 eases (33.6 per cent). Rheumatic heart 
disease was present in ]7 (4 per cent), and syphUitie heart disease in 
8 (1.8 per cent). 
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Arteriosclerotic . — Two hundred seventeen deaths (20.7 per cent) 
were due primarily to cardiac arteriosclerosis. The incidence in the 
white race was 129 (59.4 per cent), as compared to 88 (40.6 per cent) 
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were subacute bacterial vegetations on the rheumatic lesions; arterio- 
sclerosis, 13 cases; bacterial endocarditis of the involved aortic valve, 
6 cases, in 3 of which the lesions wei’e acute, and, in the other 3, sub- 
acute; and hypertension, 5 eases. 

inClDtnCf- OP DtQTll DUt TO 5VPUILIT1C I4E-C)QT- 

D15C-Q5t- 



Pig. 5. 


inCIDf-nC^ OP DE-PTU DU^ TO RUQ-UmPTlC WE-PRT 

Dl5tP5&- 



Pig. 6. 


Rheumatic . — The percentage of deaths due to rheumatic heart dis- 
ease was 11.1 per cent, or 117 of the entire series; 67, or 57.3 per cent, 
of these persons were of the Negro race. As shown in Fig. 6, there 





171 


HOLOUB'EK : HEART DISEASE IN SOUTH 

in the Negro race (Fig. 1). This group included 117 cases (53.9 per- 
cent) in which there Avas pathologic evidence of coronary occlusion, myo- 
cardial infarction, or both. The percentage of occlusion and/or infarc- 
tion in the males with arteriosclerotic heart disease Avas 57.3 per cent 
(Avhite), as compared to 49.9 per cent (Negro); in the females it Avas 
54.5 per cent (Avhite) and 51.5 per cent (Negro). Eleven, or 5.1 per 
cent, of the patients with arteriosclerotic heart disease died of dissecting 
aneurysm (only tAvo of these Avere females). Complicating cardiac 
conditions included hypertension, 47 eases (21.6 per cent), rheumatic 
heart disease, 10 cases, and syphilitic heart disease, 3 cases. 

inClDE-nCf- Of- Dt-DTU DU^ TO QQTf-P105CLtP0TlC Ut-fiRT 

Dl5t-a5f- 



Fig. 4. 

Syphilitic Cardiovascitlar Disease . — One hundred ninety (18.2 per 
cent) of the cardiac deaths Averc found to be due to syphilitic cardio- 
vascular disease. The Negro race predominated, Avith 163 eases (86 per 
cent) (Fig. 5). The incidence of sex and race in this disease is of par- 
ticular interest. There Avere 125 (66 per cent) Negro males, 38 (20 
per cent) Negro females, 23 (12 per cent) Avhite males, and 4 (2 per 
cent) Avhite females. Included in this group are 77 eases in Avhich 
death Avas due to syphilitic aortic aneurysm. It is interesting that the 
remaming 103 cases constitute a group in Avhich the primary cause of 
death Avas syphilitic involvement of the heart; these comprise 10.8 
per cent of the total number of cardiac deaths. 

Complicating cardiac conditions in the entire syphilitic cardiovascular 
group included rheumatic heart lesions, 14 cases, in one of which there 
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evidence of pre-existing heart disease of any type. There were 14 cases 
of subacute bacterial endocarditis, 8 white patients and 6 Negro; 6 
eases of acute bacterial endocarditis, 4 white patients and 2 Negro; 
one case (a white female) of acute suppurative myocarditis and peri- 
carditis of postpneumonic origin; and one (a Negro female) of tuber- 
culous pericarditis causing cardiac tamponade. 

Anemia . — Seven deaths (0.7 per cent), 3 Negi’o patients and 4 
white, were classified as due to anemia. Sickle cell anemia was the causa- 
tive factor in the case of 3 Negi-o patients. Two were due to pernicious 
anemia, one to sprue, and one to chronic pulmonary hemorrhage. 

Avitaminosis . — Five deaths (0.5 per cent) were classified as due to 
beriberi. Thi-ee of these patients were Negroes, and 2 were white. 
Three were females, and 2 were males. The age at death varied from 
28 to 57 years. 

Hyperthyroidism . — This condition caused 4 cardiac deaths (0.4 per 
cent). All of the patients were Negroes, and 3 of these were males. The 
age at death varied from 34 to 40 years. 

Pulmonary Disease . — Four cardiac deaths (0.4 per cent), all among 
Negro patients, were attributed to primary pulmonary disease. Aj^erza’s 
disease was the cause of 3 deaths. The fourth was a case of chronic cor 
pulmonale secondary to pulmonary tuberculosis. 

Other Types . — ^Under this classification we have included 3 deatlis 
(0.3 per cent). Two were due to amyloidosis of the heart, and one was 
a case of acute dilatation of the heart caused by a rapidly given trans- 
fusion. AH of these patients were Negroes. 

TJnknoivn . — Two Negro persons (0.2 per cent) died of heart disease 
of unknown origin; one had a diffuse, nonsuppurative, isolated myo- 
carditis, and one had acute dilatation of the heart. 

Trauma. There was one death (0.1 per cent) due to a stab wound 
of the heart which severed the anterior descending coronary artery. 
This patient had a definite coincidental rheumatic lesion of the heart. 

Combined. This group consisted of 5 cases (0.5 per cent), 4 white 
patients and 1 Negro. A white woman, aged 78 years, had a syphilitic 
saeculai' aneurysm of the aortic arch, 6 cm. in diameter, which ter- 
mmated in a dissecting aneurysm extending to the common iliac vessels. 
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W6r6 two Rgo poriods (10 to 15 yo&rs tiiid. 40 to 45 yoars) at wliicli the 
highest rate of mortality occurred in tlie white race. There were similar 
pealis among the Negro patients, but these occurred 10 to 15 years later. 

Complicating cardiac conditions in this group consisted of 16 eases 
of subacute bacterial endocarditis, 11 eases of arteriosclerosis, 5 cases 
of acute bacterial endocarditis, and 5 cases of hypertension. 

Congenital . — Congenital cardiac lesions were the cause of 23 deaths, 
or 2.2 per cent of the total number of cardiac deatlis. Fourteen of these 
persons were Negroes. The age at death varied from stillborn to 16 
yeai*s. There were 15 females and 8 males. Further consideration of 
the varied anomalies included in this group would be too lengthy and 
detailed for this report. However, it is interesting that subacute bac- 
terial endocarditis was present in only one ease in this group. 

Toxic. — Twenty-two deaths (2.1 per cent) were ascribed to toxic heart 
disease. Of these, 13 patients were white and 9 Negro (Fig. 2). The 
causes of the toxemia \vhich produced these cardiac deaths were diph- 
theria, 12 eases; typhoid fever, 4 cases; septicemia, 2 cases; pertussis, 
2 eases; bronchopneumonia, 1 case; and digitalis poisoning, 1 ease. 

Bacterial Infection . — Primary bacterial infection of the heart resulted 
in 22 (2.1 per cent) cardiac deaths. In none of these cases was there 
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Showing the Incidence op Each Etiological Type op Heart Disease as the 
Primary Cause op Death, and Also the Frequency With Which It was 
Present as an Associated Abnormality 
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of the country, including Mexico. In this survey, hypertensive and 
arteriosclerotic heart disease caused death in 640 eases, or 61.2 per cent 
of the total number of cardiac deaths. This includes 190 eases (18.1 
per cent) in which both conditions were present. 

The greatest percentage of deaths due to syphilitic heart disease was 
in the Negro race; the ratio was roughly 6 :1. There were four times 
as many males as females, considering both races. The incidence of this 
disease in this survey was about the same as in other reports originating 
in the South, but is much higher than that reported from Northern 
clinics, as would he expected. 

The incidence of rheumatic heart disease was found to be higher than 
in 4 out of 6 reports originating in Southei'n states, but was much less 
than in the Northeim states. It is interesting that Chavez^® found an 
incidence of 41 per cent in Mexico Citj’^. This again would tend to dis- 
prove the common belief that rheumatic heart disease is rare in semi- 
tropical and tropical regions. 

SUililARY 

Autopsy obsexwations in 1,045 cases of death due to heart disease at 
the Charity Hospital of Louisiana in New Orleans over a period of six 
years were studied- statistically. Table III gives the etiological dis- 
tribution of these deaths in order of frequency: 


Table HI 


ETIOLOGY 

XUitBER 

PERCENTAGE 

Hypertensive heart disease 

423 

40.5 

Arteriosclerotic heart disease 

217 

20.7 

Syphilitic cardiovascular di.=ease 

190 

18.2 

Rheumatic lieart disease 

117 

11.1 

Congenital heart disen.^-e 

23 

2.2 

Toxic heart disease 

09 

2.1 

Bacterial infection 
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Anemia 
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Avitaminosis 

.5 

0..5 

Combined 

0 


Hyperthyroidism 

4 
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Pulmonary disea.'-e 

4 

0.4 

Other types 

3 

0 o 

Unknown 

9 

0 9 

Trauma 

1 
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A Negro man, aged 55 years, showed evidence of rheumatic, hyperten- 
sive, and arteriosclerotic heart disease, with fenestration of the cusps of 
the aortic and pulmonary valves and an aneurysm of the right coronary 
artery 2,5 cm. in diameter. A white man, aged 76, years, was found 
to have rheumatic and syphilitic valvular lesions and coronary arterio- 
sclerosis. Two white women, 23 and 30 years of age, had congenital and 
rheumatic heart disease complicated by subacute bacterial endocarditis. 

Table I shows the ’frequency with which each etiological type of heart 
disease was present as an associated abnormality and as primary cause 
of death, 

DISCUSSION 

It must be remembered that the majority of previous reports are 
based on clinical data only, whereas this report is based on autopsy 
observations in cases in which death was due to heart disease. Table 
II compares our observations with selected representative reports from 
different geographical areas. Only the four most frequent etiological 
types of heart disease are considered. 

The hypertensive group includes over tvdce as many Negroes as 
whites, and the males predominate in both races. The peak of the 
number of deaths according to age begins approximately 20 years 
earlier in the Negro race than in the white race (40 years of age as 
compared to 60 j'-ears), and declines at approximately.; the same age 
(75 3 ^ears of age in each). The high incidence of hypertensive heart 
disease in this survey of autopsy cases verified the similarly high clinical 
incidence reported from the Southern states.^’ Here the high per- 

centage of Negro patients is undoubtedly an important factor. 

In the group in which death was due to arteriosclerotic heart disease 
there were more vhite than Negro patients. About one-half (59.3 
per cent) of this group showed evidence of myocardial infarction, 
coronary occlusion, or both. In this select group the proportion of males 
to females and white to Negro patients was practically the same. The 
age distribution in the entire group was also practically the same in the 
white as in the Negro race. Arteriosclerotic heart disease was found to 
occur ^yith similar frequency in reports from practically every section 


INCIDENCE OP HEART DISEASE AND RHEUMATIC FEVER 
IN SCHOOL CHILDREN IN THREE CLniATICALLT 
DIFFERENT CALIFORNIA COMJ'HJNITIES 


Major John J. Saiipson, M.C., Army of the United States, 
C.APT.HN Paul T. Hahaian, M.C., Araiy op the United States, 
Wilton L. H.ilverson, ]\I.D., and IVLvrgery C. Shearer, M.D. 


T his survey was planued primarily to show the mfiuence of climate 
on the incidence of rheiimatie heart disease and rheumatic fever." 
General impressions are given of the economic status of each community 
studied, but it was not possible to segregate the children according to 
economic strata'. An attempt was made to show by liistory, physical 
examination, and home visits the relation to rheumatic disease of age, 
sex, race, family histoiy, diet, housing, previous and current infections, 
nutritional state, and other physical characteristics of the eliildren. 

The reporting of congenital cardiovascular defects, functional heart 
murmurs, and hypertension was incidental to the above olijeetives. Like- 
ivise, the discovery of previously undiagnosed cases was reported through 
the school nurses to the private physicians or health departments for 
follow-up and care. It is hoped that with jirojected improvement of 
environmental conditions, especially housing, the data from these sur- 
veys may be used for eompai'ison with future surveys in evaluating the 
results of such community improvements. 

Many school cardiac surveys have been made in the United States and 
Great Britain,^ and the prevalence of rheumatic disease in children 
has likewise been ascertained from the compulsory notification of 
iheumatic fever in Norway, Sweden, Denmark, Iceland, and certain 
cities in Germany and England. 

Consideiable differences have been reported in the prevalence of heart 
disease, ranging from 0.3 to 2.6 per cent, not only in different locales but 
even an the same community. This has been dependent on the following 
factors: (1) A difterenee in diagnostic criteria; (2) variation of the 
Coiee of sldll and interest of the examiners; (3) irregular selection of 
samples from different age groups; (4) unawareness of socio-economic 
mfluences affecting certain groups; and (5) exclusion of children too iU 
to attend the schools where the examinations were made. The first foui’ 
o^_t^se possible errors of survey teclmique we believe have been 
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positivelv diagnosed rheimiatie heart disease is the term applied to all 

Sssociatid Sother Senitol heart defecta''^*'^ valvulitis which is not obviously 
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miles north of San Francisco. It is in “the heart of the Eedwood 
Empire,” and also in the center of a large dairy-farming region, so that 
its livelihood comes from lumbering, fishing, and agriculture. Redlands, 
the next largest, is an inland town in San Bernardino County about 80 
miles southeast of Los Angeles. It is the center of a large navel-orange 
growing belt, and its prosperity fluctuates largely with the condition of 
the Eastern orange market. Susanville, the smaUe.st town, is the county 
seat of Lassen County, and is in the center of a large pine-lumbering 
district. It is on the eastern slope of the Sierra Nevada Mountains, 
about 320 miles northeast of San Francisco and 85 miles northwest of 
Reno, Nevada. 

CLniATICOLOGIC DATA 

The following tables show the variations in climatic data in the three 
towns over the four-year period of 1937, 1938, 1939, and 1940. 

Table I gives the average annual mean temperature (degrees Fahren- 
heit), average total precipitation (in inches), average total snowfall 

Table I 



Table II 


Average ilEAN Teiipekature, by Months, for the Four Yeak,s 
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obviated. However, these surveys support the general belief that rheu- 
matic fever is prevalent in temperate zones, and especially in 
moderately high altitude areas such as Mexico City and the North 
Central Plains and Rocky Mountain Regions of the United States,-'^ 
where extremes of temperature are common. Although the disease is 
unconunon in certain tropical and seinitropical regions, such as the 
Caribbean Area and the Southern United States,-^* other localities in 
the tropical zones fail to show such immunity. These are most notably 
Ceylon,-' Northern Australia,-® and, judging from recent verbal reports 
of militaiy officers, the islands in the tropical South Pacific area. 

Insofar as some of the data in tliis paper support the suggestion, the 
disease has been thought to be more insidious in its onset in certain 
warmer climates, leaving in its wake unexiplained valvulitis. There are 
considerable differences in the frequency of past histories of rheumatic 
fever among rheumatic cardiacs surveyed in different parts of this 
country.-® 



Pig. 1. — Map of California showing approximate location of towns of survey. 

LOC^UaE FOR STUDY 

The communities chosen for study were Eureka, Redlands, and Susan- 
ville; a brief description of each follows : 

Eureka, the largest of the three toums, is the county seat of Humboldt 
County, and is located on Humboldt Bay on the Pacific Coast about 250 
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group, who derive their income primarily from the payrolls of the two 
lumber mills near the town. 

After consulting various agencies,® no definite figures could he found 
on the socio-economic scale of living for the three towns, hut Table IV 
might he of some interest and significance. 

The figures in Table TV are not strictly comparable because Susan- 
ville is included ^vith all of Lassen County. Tlie large number of whole- 
sale employees in Redlands are probably fruit packers and workers in the 
orange industry. 


DESCRIPTION OF THE SCHOOL SYSTEAIS 


Eureka— school S 3 'stem consists of three public kindergartens; 
six public primaiy schools, first through sixth grades; one parochial 
school, Idndergarten through eightli grades; one junior high school, 
grades 7. 8, and 9; and one Union Senior High School. The school 
population at the end of the 1940 school year ivas approximately as 


follows : 

Public primary schools 1,432 

Catholic parochial school 390 

Junior high school 747 

Senior high school 968 

Total 3,537 


The examinations were carried out in all but the seventh and eighth 
gi’ades of the parocliial school, so that all social and age groups were 
fully represented. A total of 2,703 pupils, or 76.6 per cent of the school 
population, were examined, plus thirty-four children of preschool age. 

Redlands . — The school system consists of six public primary schools, 
kindergarten through sixth grades; one junior high school; one senior 
high school; and one parochial school. The exact distribution of the 
eliildren in the various schools is not InioAvn, but the total public school 
population in June, 1939, was>3,669. During the spring of that year, 
2,013 children were examined; a sample group was taken from all grades, 
with an approximately equal distribution for both age and social groups. 
In Pebruaiy and March, 1941, 562 new pupils in the kindergartens and 
first and fifth grades were examined, plus 177 pupils who had been in the 
1939 group. These 177 were made up of 115 normal children who were 
re-examined in the fifth grade, and 62 out of 129 cardiac .su.spects who 
were found in the 1939 examinations and could still be in school in 1941. 
Roughlj’’, then, 2,574 children w'ere examined in 1939 and 1941 out of a 
total of approximately 4,223 pupils, or 60.8 per cent of the public school 
population. 

Stcsanville. The school system consists of four elementary schools, 
Idndergarten through the eighth grade, and one combined Union High 
School and Junior College. The population of the elementary schools 
was 86 3 pupils at the close of the 1941 school year, whereas that of the 


of Health. California Chamber of Commerce, Cali- 

^6clic3.1 Association, Caliromia Social Welfare Bureau ‘Rurpaii of 

I^bor StatisUcs. State Department of Epidemiolo^ California Bureau oi 
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(unmelted), and average number of clear, partly cloudy, and cloudy 
days, and the average number of days Avith a precipitation of more than 
0.01 inch for the year. It also gives the elevation of the town above 
sea level, and the length of record, i.e., number of years, that a Aveather 
station has been established in each town. 

Table II gives the average mean temperature by months for the four- 
year period ; Table III gives the average mean precipitation by months, 
snowfall not included, for the same years. Data for the mean relative 
humidity Avere not aAmilable for tlie three toAvns. 

It can readily be seen from these tables that Eureka has a rather mild, 
constant temperature, but is quite damp, Avhereas Eedlands may be 
considered as Avarm and fairly dry, with its rainfall coming in the Avinter 
months. SusanAulle has rather typical California ^‘mountain climate”; 
it is quite cold in the Avintcr, but hot in summer, and has only a moderate 
precipitation, most of Avhich comes in the late Avinter and early spring, 

DESCRIPTION OF POPULATION* 

Eureka . — According to the 1940 census, the population of Eureka is 
17,055 persons, consisting primarily of native-born Avhites of Scandi- 
navian parentage, Avith a fcAv Italians and Portuguese. There are no 
Chinese or Japanese, and only one or two Negro.families. 


Table IV 

Economic Index ok Towns 


TOAVN 

RETAIL 
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TOTAL PAYROLL 

ADD. 000 
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P 

1940 POPULATION 
(%) 

Eureka 

390 

11,749 

4(5 

219 

328 

165 

169 

174 

1,442 

8.45 

Redlands 

226 

5,947 

24 

942 

772 

83 

141 

147 

910 

6.35 

Lassen County* 

208 

5,631 

18 

58 

93 

44 

62 

70 

341 1 

21.65 


‘Population, 14, 179 (1940). 

tPigure i.<? for Susanville ; it probably includes residents of County filing within 
City limits, but not living there. 


Redlands . — The population of Eedlands, by the 1940 census, is 14,324 ; 
the majority are Avhites, Avith a fair proportion of Mexicans, and a 
smaller group of Italians, Portuguese, and Negroes. 

Susanville. — ^By the 1940 census, SusauAdlle has 1,575 persons living 
within the city limits. The majority are AA^hites, Avith a small percentage 
of Chinese and Negroes. The people are mostly of a stable, Avorking 

‘There are no accurate figures on the population breakdown as to races etc 
according to the 1040 census. Tho.se of 19.30 are unrelial?le fiecause of migration, " 
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Fig. 2 is a sample 
examination. 


form used for recording the histories and physical 

C^VKDIAC SURVEY 


Date Schedule Number 

2;raine Sex Nationality 

Address Duration in town of survey mo; yr. 

School gi'aile ; Religion ; Designate 

other localities and dates in which residence has been maintained since birtli 


Family history — cases cardiac or rheumatic state 

Personal historj*. Average hours sleep per day ; adequate clothing 

Diet— milk , fruit , vegetables , protein , carbohydrates 

Special comments 

General health — tonsil and adenoid infection ; frequent colds ; 

Dyspnea ; fatigue ; palpitation ; sweats ; history 

blue baby ; other cardiac conditions 

niness history (indicate age or year of occurrence and successive attacks) 

' /'bone 

Rheumatic fever ; Rheum, pains ^ -joint ; Chorea 

Subq. nodules ; Nose bleeds ; Purpura 

Tonsillitis ; Otitis media ; Erythematous rash 

Scarlet fever ; Diphtheria ; Other 

Home — No. rooms , No. sleeping rooms , No. with sunshine available 

No. rooms with heat ; tj'pe heating linit ; general sanitation 

; drainage on premises 

Physical examination — height ; weight ; temp. ; nutrition stand- 
ard ; pallor ; scoliosis ; chest shape ; throat inf. ; 

dental caries ; infection ; lungs ; lymph gl. cervical ] 

heart apex. imp. cm.; rack; thrill 

sounds — Pj A, Murmurs Rate 

Rhythm Blood pre.ssure R L , B.P. legs 

Periph. vessels 


Fig. 2. 

AIETHOD OP EX/VMINATION 

The children were brought to the examining room in groups of three 
or foul' of one sex, where they all stripped to the waist; large towels 
were given to the girls to drape over their shoulders. The height and 
weiglit measurements were then recorded, with the children’s shoes left 
on to facilitate and speed the examination. Wheli necessary, approxi- 
mate deductions Avere made for boots and rubber or other heavy-soled 
shoes. Each child’s nutrition was checked with the Faber “Weight- 
Height-Age Table for California School Children” (prepai’ed for 
the San Francisco Tuberculosis Association ivhich gives the normal 
height and weight range by sex for the ages of 5 to 15 years, inclusive, 
iiny variation from the normal was recorded on the charts by the num- 
ber of pounds above or beloiv the normal figure for the given sex, age, 
and height. 

The examiner sat ivith his back to a ivindoiv, using only" daylight for 
the examination, which ivas carried out as follows : 

Inspection .— examiner inspected, the child in general to detect the 
presence or absence of palloi*, cyanosis, scoliosis, or any marked chest 



. SAMPSON ET AL: HEART DISEASE AND RHEUMATIC FE\^R 183 

combined Hig’li School and Junior College was roughly 550 pupils. Be- 
cause of local conditions and lack of time, examinations were carried out 
only in the elementary schools; a total of 838 pupils, or 97 per cent of 
the elementary school population, was examined. Thus this does not 
represent all age groups. All social groups were well represented. 


PROCEDURE FOR THE SURVEY, 

The personnel for the survey consisted of: (1) a physician (Hall- 
man), who carried out the examinations, read the roentgenograms and 
electrocardiograms, and made the diagnoses on all of the children; (2) 
a trained assistant, who took the height and weight measurements, 
brought the cliildren to the examining room, and kept the records during 
the survey; and (3) a Public Health Nurse, assigned especially to the 
survey by the California State Department of Public Health, who made 
the home visits, assisted in taldng the children to and from the roent- 
genographic laboratory, and, after training, took part of the histories. 

The personnel was the same for all the surveys except that the work 
in Eedlands, in 1939, was done by a second physician (Shearer), and 
the histories of the children in the Eureka Primary schools were not 
talien by the same Public Health Nurse who took those in the Eureka 
Junior and Senior High Schools and in the Redlands (1941) and Susan- 
ville schools. 

The rest of the procedure, methods of examination, and criteria for 
diagnosis were the same for the three towns except for that part done 
in Redlands in 1939, The latter, however, closely paralleled those of the 
1940 to 1941 survey, and the results, as far as the incidence of organic 
heart disease is concerned, are comparable. 

The examinations of the children were carried out at the various 
schools in a relatively quiet, light, airy room which had been set aside 
for that purpose. Slips were sent by the schools to the parents for their 
consent for the physical examination, and, later, consent for laboratory 
study, that is, roentgenograms and electrocardiograms when necessary. 

The time and date of the examinations were given to the parents, and 
their presence at the schools was encouraged. A complete history, with 
emphasis on facts pertaining to the etiological factors of rheumatic 
heart disease, and to. the child’s environmental conditions, was obtained 
for all the children examined. These histories were taken principally 
by the Public Health Nurse on her home visits, but, in about one-sixth 
of the cases, in Eureka especially, the histories were obtained from the 
parents at the time of the examination, or, in the older group, from the 
children themselves. 

, There was a small group of children tliat moved away from town 
after the examination, or whose parents refused to give the histories, and 
therefore those eases were discarded in tabulating the results of the 
survey.* 


•Children confined at home were not included in the survey 
though rare, alter the sample of the population studied. 


and such cases. 


al- 
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offices of the local radiologists. Electrocardiograms were not taken on 
the small group of Eedlands children (eleven) who were sent for roent- 
genograms in the 1940 survey (Hahman) . 

CRITERIA FOR DIAGNOSIS 

The followdng definitions were used in the diagnosis and classification 
of the various murmui’s or conditions found during the survey. 

1. Normal. — Any child without a history of rheumatic fever, rlieii- 
matie joint, bone, or muscle pains (so-called “growing pains”) or 
chorea,' and with no heart murmur at the time ot the examination wa.s 
classified as “normal.” 

2. Functional. — Any child with a soft systolic murmur over the 
precordium that varied with respirations and change of position, be- 
came louder after exercise, and was not transmitted to the hack, neck, or 
axilla Avas classified as “functional.” This diagnosis Avas also used in 
those cases in Avhich there Avas a marked variation in the murmurs as 
heard during the first examination and as heard again at the time of 
the reeheek. No attempt Avas made to segregate the so-called “acci- 
dental” and “cardiorespiratory” murmurs from the “functional” mur- 
murs due to anemia, recent fcA-er. or other possible cause. “Func- 
tional,” therefore, as u.sed in this survey, denotes tho.se murmurs Avhieli 
Avere thought definitely to be “nonorganic” in the broadest sense of the 
term, as opposed to the “organic” murmurs of congenital or rheumatic 
origin Avhich, Ave presuppose, are a.ssociated with definite, and probably 
permanent, vascular, myocardial, or valvular deformity. 

3. Potential Rheumatic (rheumatic fever Avithout evident heart dis- 
ease). — In this group Avere those cases in Avliich there Avas a history of 
one of the primary manifestations of rheumatic fever, namely, acute 
polyarthritis, chorea, or recurrent bone, joint, or muscle pains, but Avith- 
out any evidence of organic heart disease or active infection at the time 
of the examination. 

4. Rheumatic Fever Hiatorjj. — Ca.ses in Avhich there Avas a history of 
one of the primary rheumatic manifestations, or a history of tAVo or more 
of the secondary manifestations, e.g., recurrent tonsillitis or torticollis, 
purpura, frequent, unexplained, .scA'cre epistaxis, Amrious erythemata, 
and subcutaneous nodules Avere included in this group. 

a. _ With valvulitis: Definite eAudence of one or more of the folloAving; 
aortic insufficiency and/or stenosis, mitral insufficiency and/or stenosis 
(pulmonary and tricuspid valvular lesions not to be' considered rheu- 
matic in absence of mitral valve lesions) . 

b. With probable heart disease : Ulyocarditis Avith aboAm criteria for 
rheumatic fcA'er. 

5. Mitral and/or Aortic Valvulitis. — This group did not include cases 
of congenital or syphilitic heart di.sease. 

a. Rheumatic heart disease Avithout a rlieumatic feAmr history. Cases 
in which there Avere signs of mitral or aoitie valvulitis Avithout any knoAAUi 
history of previous infection. 

b. ^yith scarlet _ fever history : Cases in Avhich there Avere signs of 
vaWulitis, as preA'iously mentioned, Avithout history of rheumatic infec- 
tion, but Avith definite history of scarlet fcA'er at some time prior to the 
date of examination or prior to the discoA^ery of a murmur bA’" a local 
physician. 

6. Congenital Heart Disease. — This group included those cases in 
Avhich there Avere characteristic physical signs, Avith confirmation by 
roentgenogram and electroeardiogi*am. 
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deformity. Absence was noted, by an “0,” sign; presence and its degree 
of severity by the plus sign and its multiple. Any chest deformity was 
' described, and the degree of severity noted as mild, moderate, or severe. 

The mouth and throat were then inspected, with the aid of a tongue 
blade, for the presence of caries, mouth infection, and particularly throat 
infection and tonsillar enlargement. Any variations from norriial were 
again recorded by the signs ‘‘one, two, or tlmee plus” as follows: (1) 
Dental canes, +, one or two teeth Avith small cavities; at least two 
teeth with moderatelj’- large cavities, or three or four Avith small eaAuties ; 
aiid +-}-+, four or more teeth AAuth cavities of moderate size, or three 
or four with huge caAuties. (2) Throat infection +, red, inflamed fauces, 
tonsils out or not appreciably enlarged; ++, almond- to chestnut-sized 
tonsils Avithout eAudent infection ; + + +, aliove size Avith evident infection, 
or huge tonsils that filled the posterior phaiynx. 

Palpation. — (1) Palpation of the neck Avas used to detect any enlarge- 
ment of the cervical Ijmiph nodes. (2) Palpation of the chest AAms used 
to detect the presence of a thrill and to locate the point of maximum 
apical impulse (PMI). The distance of the PMI and midclaAdcular line 
from the midsternal line Avas then measured Avith a centimeter rule, the 
measurements recorded, and a comparison of the tAvo Av-as used as an 
indication of the heart size. If the midclavieular point AA'as not less 
than the distance of the PIMI from the midsternal line, the heart Avas 
considered to be of normal size. Displacement of the heart, as by 
scoliosis, was evaluated. 

Percussion. — Percussion AA^as used only A\^icn a child Avas suspected 
of having a lung disease or heart enlargement, as noted by the position 
of the PMI. 

Auscultation. — (1) Auscultation of the. lungs Avas used to ascertain 
the presence or absence of “squeaks,” rfdes, or rubs, and (2) of the 
heart, in the standing and supine positions, to ascertain the cardiac rate 
and rhythm, the quality and intensity of the heart sounds, and the 
presence of murmurs or other abnormal sounds. The rate Avas counted 
in all cases Avhile the patient Avas lying on the examining table; the 
auscultatory method Avas used, and the number of apical beats Avas 
counted for at least a fifteen-second interAml. 

Any child suspected of having heart disease Avas also examined after 
exercise, Avhieh consisted of jumping up and doAvn fifteen to tAA^enty 
times on each foot, and in the sitting and left lateral positions. A nota- 
tion Avas also made of the presence of any abnormal sounds over the 
peripheral vessels. 

The blood pressure Avas taken on all the children in the supine posi- 
tion at the conclusion of the examination. A 12 cm. cuff Avas used on the 
right arm, and Avas found to be of satisfactory size for all but the smaller 
children, of 5 years or under, and for the markedlj* obese of 14 years or 
older. In any case in Avhich disease Avas suspected, the pressure Avas also 
taken on the left arm, and on the legs AAdien necessary. Any child Avith 
a brachial systolic blood pressure greater than 140 mm. Hg, Avithout 
obvious, signs of undue nei’Amusness, Avas brought back at a later date, 
Avhen possible, and the pressure retaken. 

Any child Avho Avas found to have signs of an organic heart lesion, 
but Avho had a negative history of rheumatic fever, and in Avhom the 
' diagnosis Avas not certain, was brought back for re-examination at a 
later date. If the diagnosis Avas still dpubtful, roentgenograms and 
electrocardiograms Avere made Avhen possible ; tins Avork Avas done at the 
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Tables V and VI present the total figures for the entire survey, and 
show the comparison of the “S” and “H” studies and the effect of ex- 
clusion of 447 eases in which there were no histories or no established 
residence of over two years in the community. The results of the grand 
total are chiefly important in the number of congenital heart lesions and 
functional murmurs, for those figures are probalily not influenced by 
residence or inadequate histories in Table VII. Since the method of 
history taking was faulty in the 1939 Redlands “S” survey, all of the 
figures on the “S” survey ai’e to be discounted where history is con- 
cerned, as in “Potential Rheumatic Heart Disease,” or “Rheumatic 
History in Cases of Rheumatic Heart Disease.” 

The incidence of 0.7 per cent of congenital heart disease is comparable 
ivith the 0.65 per cent found after exclusion of the 447 eases mentioned. 
This is a high incidence when compared to many previous surveys, but is 
not greatly different from that found by Sampson, Chi’istie, and Geiger,^' 
in San Francisco, in 1938. 

The incidence of 16.6 per cent of functional murmurs may seem to be 
low. The incidence of rheumatic heart disease and total rheumatic 
cases of 1.3 per cent and 1.9 per cent, re.speetively, is unusually high 
for what has been considered an area in which endemic rheumatic 
disease is rare. As is shown in Tables VIII and IX, this is due to the 
fact that a larger population was examined in Eureka and Susanville, 
which together somewhat exceed Redlands. The figures of 1.17 per cent 
rheumatic heart disease and 1.7 per cent total I’heumatic heart disease, 
as obtained from the entire series after exclusion of the 447 cases, prob- 
ably indicate more accurately the actual incidence of these conditions. 
Likeivise, the percentage of congenital heart disease is more accurately 
indicated by 0.65 per cent, and of total organic heart disease by 1.82 
per cent. 

The data presented in Table VI indicate that care must be exercised in 
reporting local surveys to exclude eases in wliich rheumatic disease may 
have been acquired elsewhere. 

Table VII, a siunmary of the Redlands surveys, shows a fair agree- 
ment between the “S” and “H” reports in the incidence of congenital 
heart disease, but a considerable disagreement in the percentage of 
iheumatic potential and actual heart disease. This can probably be 
explained in three ways: (1) differences in personal interpretation 
of observations; (2) selection of only certain school grades in the “H” 
study; and (3) “chance” in dealing with such small figures, i.e., only 
ten rheumatic eases in the “S” suiwey and five in the “H” suiwey. 

In spite of these differences, the total figure of 0.19 per cent potential, 
and 0.38 per cent rheumatic, heart disease, and 0.57 per cent total 
1‘heumatics is a significantly' low incidence. This is as may be expected 
in the warm, dry climate of Redlands. 

In reference to Susanville, Table V^III, the population was smallei’, 
and, therefore, the figures are more subject to statistical misintei'preta- 
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7. Hypertension . — This diagnosis denotes probably only a transient 
affair, and cannot be considered as true hypertension in all eases. 
Using' the reports of Faber and James,^° Taussig and Heeht,^^ and others, 
the maximal blood pressures for given age groups were set as follows : 
(a) 5 to 9 years, inclusive, 120/80; (b) 10 to 14 years, inclusive, 180/85; 
and (c) 15 years and over, 140/90. 

Wlienever a diagnosis of hjqiertension was then made, it was classed 
as an incidental finding, and not as the primary diagnosis. 

8. Unclassified Group (classification unknown). — In this group were 
those cases in which there was no history of rheumatic fever, but in 
which there were murmurs which did not definitely fit any of the above 
criteria, and in which tlie roentgenograms and electrocardiograms were 
normal or of no diagnostic value. According to the type, quality, and 
location of the murmur, the cases were classified as follows; (a) rheu- 
matic vs. functional, (b) congenital vs. functional, and (c) rheumatic 
vs. congenital. 

Certain cases ot‘ organic heart disease undoubtedly are included in 
this group. 

9. Positive Family History . — Those eases in which there was a history 
of rheumatic fever or chorea, or rheumatic heart disease in the immediate 
family or in some person or relative in intimate daily contact with the 
patient were classified as having ‘‘positive famiU history.” This was 
also an incidental diagnosis, and is classed with one of the previously 
mentioned primary diagnoses. 

The data obtained from the histories and physical examinations were 
assembled by the Statistical Division of the California State Department 
of Public Health in five sets of tables, twelve to a set. The sets were 
for; (1) The Shearer Redlands Survey of 1940; (2), (3), and (4) 
The Hahman Surveys of Redlands, Eureka, and Susamdlle of 1940 and 
1941; and (5) the total of the Hahman surveys. The titles of the 
original tables of each set were ; 

Table I, “Showing Distribution and Percentage by- Diagnosis;” Table 
II, “Showing Distribution and Percentage by Age and Diagnosis;” 
Table III, “Showing Distribution and Percentage by Sex and Diag- 
nosis ; ’ ’ Table IV, ‘ ‘ Showing Distribul ion and Percentage by Race and 
Diagnosis;” Table V, “Distribution and Percentage of Those With a 
Positive Family History in Each Diagnostic Group;” Table VI, “Dis- 
tribution and Percentage of Diagnostic Groups According to Food Con- 
sumption;” Table VH, “Evaluation of Housing Conditions, Showing- 
Distribution and Percentage for each Diagno.stic Group;” Table VII-A, 
“Evaluation of Housing Conditions Based on Crowding Alone, Showing- 
Distribution and Percentage for Each Diagnostic Group;” Table VIII, 
“Distribution and Percentage of Hypertension in Diagnostic Groups;” 
Table IX, “Distribution and Percentage of Selected Points of Physical 
Examination for Each Diagnostic Group;” Table X, “Distribution and 
Percentage of Nutritional Standards by Diagnostic Group;” Table XI, 
“Distribution and Percentage of Certain Organic Troubles by Diag- 
nostic Group;” Table XII, “Frequency of Upper Respiratory Infections 
and Incidence of Various Diseases by Diagnosis.” 

DISCUSSION OF DATA 

The data from some of these tables have been reorganized, and the 
following- constitutes a discussion of the material contained in these 
revised tables. In reproduction of table.s, the letters “S” and “H” 
indicate Shearer or Hahman as the surveyor. 
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Tabi.e V 

SUMMAKY OF I9fi9 AND 1940 TO 1941 SUKVEYS IN ReDLANDS, EI’KEICA, AND SUSANVJELE, OAUFOENIA 
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tion. This is especially so with congenital heart disease, with only tlnee 
cases and a percentage incidence of 0.4 per cent, about two-thirds of 
the incidence of the whole group. The high frequency of rheumatic 
fever (including rheumatic heart disease), and rheumatic heai-t disease, 
namely, 2.6 per cent and 1.1 per cent, seems to be significant statistically. 
This community has a climate not unlike the high altitude communities 
of Salt Lake City and Denver, both of which are now known to have 
high rheimiatic fever morbidity and mortality rates. 

Eureka, Table IX, with its remarkably uniform, cool, damp climate, 
presents the highest incidence of rheumatic heart disease (2.0 per cent), 
although the less dependable fignres of potential rheumatic heart disease 
and total rheumatic disease are respectively lower and equal to those of 
Susanville. Congenital heart lesions were nearly as’ frequent as in Bed- 
lands, 0.7 per cent (0.69+ per cent) compared to 0.76 per cent. Inasmuch 
as housing projects Avere under construction in Eureka and a general im- 
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*One hundred additional children were examined, but were excluded from this 
table because of residence of less than two years or because rheumatic fever was 
contracted elsewhere. 
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•One hundred additional children tvere examined, but were not included because of 
residence of less than two years, or because rheumatic fever was contracted else- 
Avhere, or because of inadequate history. 
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provemeiit in living standards was occurring, a repetition of tlie survey 
ill tliis city in five to ten years may show the influence of such social 
changes in the rheumatic disease incidence. All sets of tables are being 
retained for such possible comparison in future studies. 

The report of a positive history of rheumatic fever in any of its man- 
ifestations occurred in 35 per cent of all cases of rheumatic heart dis- 
ease, in 25 iier cent of the Kedlands eases survey), 50 per cent of 

the Susanville cases, and 35 per cent of the Eureka cases. With the ex- 
ception of the Susanville report, these are lower figures than have been 
published previously in most surveys.^-’ 

Tables X to XV deal udth certain data on the consolidated reports of 
all three communities surveyed by Hahman. Similar tables, as pre- 
viously stated, are available for each individual toum, but their com- 
parison was not considered of sufficient importance to be presented here. 

Table X confirms more recent reports" that older males are affected 
ivith rheumatic disease more frequently than females, i.e., 61.4 per cent 
and 38,6 per cent, respectively. This is particularly evident in the 
group with rheumatic heart disease without a rheumatic history. 

Table XI, on relation of race to rheumatic disease, shows how largely 
the population was composed of whites ; the very few Negroes and most 
of the Mexicans were concentrated in Southern California (Redlands). 
As has been previously reported by Paul and Dixon,'" the incidence of 
rheumatic disease in Indians living in northern temperate zones is high, 
and this was found in our survey; 4.6 per cent of the total rheumatic 
population was Indian, compared to 2.1 per cent of the normal popula- 
tion. Thus, 5 per cent of the whole Indian population had rheumatic 
disease, and 3.3 per cent had rheumatic heart disease. Mexicans did 
not seem to be e.specially susceptible, although the figures for Redlands, 
not given in a table, were 1 per cent of rheumatic disease in Mexicans, as 
contrasted to 0.57 per cent in the entire population. The number of 
eases in both of these racial groups is too small to draw any positive con- 
clusion. The observations should be considered as only suggestive. 

Table XII is presented to illustrate how infrequently a family history 
of rheumatic fever or rheumatic heart disease ivas obtained in this sur- 
vey. Only 5.7 per cent of rheumatic children gave a positive family 
history, which was hardly a significant difference from the 3.6 per cent 
rheumatic family histories in the normal group. Reasonable care was 
exercised in obtaining family histories frojn parents, but the low figures, 
when compared to other reports,^" throw some doubt on tlie accuracy 
of these histories. 

Table XIII shows the effect of housing,^ and of crowding, in particu- 
lar, on the occurrence of rheumatic disease.^*’’^® There was a recog- 

* o 

, *Housing : 

Good — 1 or less person per room, and heat in over half of the rooms of the 
house; i.e., three rooms in a dve-room house. 

Fair — 1 to IVi persons per room, with iieat in more than half of the rooms of 
the house. 

Poor — More than iVi persons per room, or 1 to IVi persons per room, with heat 
in one-half the house or less. 
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Showing Disthibution and Pekcentage bv Eace and Diagnosis 
Total of 3,790 Cases, 1940 to 1941 Surveys (H) 
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Two hundred nineteen of these cases were froni Redlands and constituted 35.3 per cent of the total number examined in tha' 
remaining thirty-three Mexican children only one case of organic heart disease was found and a "rheumatic without historj'.” 
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nizable concentration of the rheumatic population in houses evaluated as 
fair, 55.7 per cent, as compared to 38.5 per cent of the normal subjeets. 
This is not shown in poor housing, although, when poor and fair hous- 
ing are consolidated and contrasted to good housing, there is a material 
difference, i.e., 74 per cent in rheumatics and 58 per cent in normals. A 
similar situation obtains in the apparent effect of the crowding element 
of housing, but is less evident than in the general housing classifica- 
tion, i.e., 35.2 per cent of the rheumatic group and 30 per cent of the 
normal population were living in hou.ses with more than one person per 
room. 

Table XIV summarizes the history of certain common cardiac signs 
and symptoms. More extensive tables of phenomena associated with 
heart disease and rheumatism were prepared, but are not presented be- 
cause the data contained did not seem significant. With the exception 
of fatigue, the source of which is manifold, no other signs or symptoms 
were reported in consequential number among normal children. 

Dyspnea, fatigue, palpitation, and excessive sweating were rela- 
tively common in the rheumatic population. Unusual dyspnea on 
exertion may have been due to poor training after confinement to- bed 
or limited activity, rather than heart failure. This would explain its 
relative infrequency in “rheumatic heart disease without history,’' as 
compared to those patients with and without heart disease but with a 
history of rheumatic fever. Palpitation was relatively frequent only 
among children with heart disease. The occurrence of two blue babies 
at birth, reported as rheumatic heart disease, only indicates that this 
historical finding is often unreliable. 

Table XY presents the age distribution of the children studied. As 
would be expected, and as in the San Francisco^' and other surveys, con- 
genital heart lesions arc more common than rheumatic valvulitis prior 
to the age of 9 years. It is recognized through several .surveys that the 
greatest number of children with rheumatic disease have their initial 
attack between 10 and 16 years of age. One would assume that more 
children wmuld be found with evidence of rheumatic heart disease over 
this age than under it. Although this wtis the situation in a previous 
San Fraiicisco study, it is not uniformly the ease, nor w’as it found in . 
the current study. 

Presenting the data in a different w'ay than in the table, it is found 
that, from the ages of 5 through 9 years, 2.9 per cent of the population 
had rheumatic disease and 0.8+ per cent had valvulitis. From the ages 
oE 10 through 14 years, the incidences w^ere 3.3 per cent and 2.4 per 
cent, respectively, and from 15 through 19 years, 3.4 per cent and 1.7 
per cent. The fact that there is a lower incidence of rheumatic heart 
disease in late youth has been frequently reported. The accepted ex- 
planation is that signs of valvulitis are evanescent, and are transiently 
lost in the adolescent and postadolescent period. 

Table XYI does not ahow a high incidence of rheumatic disease in 
the low^er dietary brackets. The diet history for special elements W'as 
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not obtained except for vitamin C and carbohydrate content. Rinehart 
and Mettier, in 1934,^“ and later, with other collaborators,'*'’ presented 
evidence that rheumatic fever was a result of latent scurvy with super- 
imposed infection. This view was partially coi-roborated by Stimson, 
Hedley, and Ro.se, ■** but Sendroy and Schultz*- and Perry*" failed to find 
confirmatory evidence of any .specific relation of vitamin C deficiency 
and rheumatic fever. 

In the Redlands survey (H), all five rheumatic children had been 
u.sin<? adequate amounts of citrus fruits (j>'roup.s 4- + ^- and + 4--f-+). How- 
ever, in Table XVI the rheumatic population seems to be concentrated in 
lower brackets of vitamin C intake. This may suggest a contributory, 
rather than a required, causative relation of vitamin C intake and rheu- 
matic fever. 


The carbohydrate study was largely to a.scertain the relation to dental 
caries. Only in the -^ + 4-+ bracket was there an apparent correlation. 
There was no greater incidence of dental caries in rheumatic than in 
normal children, 15.9 per cent and 16.3 per cent, respectively. 

There was no correlation of rheumatic disease with malnutrition, or 
with a history of frequent throat infections or of appreciable cervical 
lymphadenopathy. 


Of rheumatic children, 11.4 per cent had had scarlet fever, as con- 


tra.sted to 8.9 per cent of normal childi’en, but no data were available 
as to the interval between the scarlet fever and the rheumatic fever. 
These figures, therefore, are not significant. 

Of the rheumatic children, 41 per cent had had their tonsils and 
adenoids removed, as contrasted with 36 per cent of normal children, 
but there was no history available on the development or exacerbation 
of iheumatic fever in relation to the time the tonsillectomy was per- 
formed. These figures are of no material significance. 

According to the criteria of hypertension as stated above, the incidence 
was 3.4 per cent in the entire group. The incidence in rheumatic chil- 
cien uas 8 per cent, wliich is of interest in view of the a.ssociatiou of 
hyiiertension with rheumatic heart disease later in life. On the con- 
trary, It IS believed that the hypertension discovered in children is prob- 
ably transient and due to psychic influences, which w'cll mav be more 
promment in the rheumatic child. 

Although the number of functional murmurs has been included in all 
t It tables presented, there has been no coiTelation with any factors 
discussed in this survey. Even the age groupings (5 to *9 years; 

to 14 years, 15 to 19 years) failed to show airv concentration of such 
cases. 


CONCLUSIONS 

1. The school populations of three California communities with 
markedly different climates were surveyed for the incidence of heart 
disease, rheumatic fever, functional heart murmur.s, and hypertension 



Table XVI 

Distribution and Percentage of Diagnostic Groups According to Food Consumption and Incidence of Marked Dental Caries 

3,790 Cases of 1940 to 1941 Survey (H) 
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by a single skilled physician, using a uniform, technique and uniform 
criteria of diagnbsis. One of these communities was previously survej'ed 
by a second physician, who used approximately the same technique 
and criteria. 

2. Eheumatie fever and rheumatic heart disease occur in the warm, 
dry climate of Eedlands in a degree comparable to cities with mild, tem- 
perate climates, such as Cincinnati and San Francisco. 

3. Susanville, a mountain community with average humidity and 
precipitation, but with wide extremes of average winter and summer 
temperatures, presented a high incidence of rbeumatic fever and rheu- 
matic heart disease, comparable to tlie incidence in tlie northeastern 
United States or Great Britain. 

4. Eureka, with a uniformlj'- cool climate and high precipitation, pre- 
sented an unusuallj’ high incidence of rheumatic disease, especially of 
valvulitis. 

5. Congenital heart lesions were found in greater frequency than in 
all previous surveys except tho.se reported previously from other Cal- 
ifornia communities. 

6. Children with rheumatic valvulitis gave fewer past histories and 
family histories of rheumatic fever than in other reports. 

7. Certain statistical relations seem to exist between rlieumatic disease 
and age, sex, race, and housing. Questionable relations exist to diet and 
to a history of scarlet fever. No definite relation of functional mur- 
murs to any physical, symptomatic, or environmental influences, such as 
age, shape of chest, or nutritional state, was found. 
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I (JO per cent liumidity. The temperature of the patient could be con- 
1 i-olled easily by varying the intensity of the heat and by applying ice 
water to the head. On removal from the cabinet the blood pressui'e Avas 
taken and varied from 70/50 to 120/75. On return to the Avard after 
the temperature had become normal, 1,000 e.c. of 5 per cent glucose in 
normal saline solution Avere given intravenously. The patient remained 
in bed thirty-six hours. In the eases of coronary occlusion this routine 
Avas followed, and the patients completed the full course of fever Avith 
no difficulty or unusual discomfort. 



Oct. 2" Oct. 28 Oct. 29 Nov. 8 Nov. 22 

Fifr. 1. — Case 1. Fever therapy on Oct. 26. 1943. October 27 : Lead I. Tlie QRS 
complex i.'< of low amplitude. The S-T segment is slightly elevated, and ends in a 
Diphasic T wave. Lead II. The appearance of the S-T segment and T wave is simi- 
lar m this lead. Lead III : The T wave is upright. Lead lA'^ : There is almost com- 
plete absence of the R wave. The S-T segment is elevated and ends m a biphasic T 
wa\e. October 28: The S-T segments in Leads I. II. and IV are elevated. The T 
wa\es in the.se leads are large and upright. The S-T segment in Lead III is slightly 
uepressed. and the T wave is bipliasic, October 29 : The T waves are now definitely 
irweited in Leads I. II, and lA’'. X'ovember 8: The S-T segments are still arched: the 
.n, inverted In Leads 1 and II. and biphasic in Lead IV. November 22: 

Hie T waves are now deeply inverted in Leads I. II, and IA^ 

/mpres.iion.— The progiessive changes in these record.s are typical of those wliich 
Occur after occlusion of the anterior descending branch of the left coronary artery. 

Ill tins case the T waves were still abnormal ten weeks after the onset of the illness. 


CASE REPORTS 

Case ]. This 24-yeai--old patient had gonoeoeeal ui'ethriti.s for which 
he was treated for four weeks prior to admission to this hospital Avith 
sulfathiazole and sulfadiazine. He received routine sulfonamide therapy 
here, witli no improvement in his gonorrhea. Physical examination 
showed a normal cardiovascular system, Avitli a blood pressm-e of 
120/05. A roentgenogram of the lieart Avas normal, but no electro- 
cardiogram Avas taken prior to fcA'cr therapy. During the treatment 


CORONARY OCCLUSION AFTER FEVER THERAPY FOR 
SULFONA]\'IIDE-RESISTANT GONORRHEAL URETHRITIS 

Major Abner M. Harvey, M.C., Arimy of the United States, and 
Major Frederick T. Billings, M.C., Army of the United States 

F ever therapy has been used in the treatment of eighty-five patients 
in a General Hospital. The electrocardiograms of three of these 
patients showed progressive changes typical of coronary occlusion of 
the anterior type. The patients were young adult males who had no 
disease other than chronic gonococcal urethritis which was resistant to 
sulfonamide therapy. Coronary occlusion as a complication of fever 
therapy has been observed rarely,^ and the effects of such an occurence 
on persons of this age who were previously in excellent health is of 
considerable interest. 

Fever therapy has been used in this hospital to treat neurosyphilis and 
nonspecific iridocyclitis, but for the most part in treating sulfonamide- 
resistant gonorrhea. A full course of therapy consisted of maintaining 
a rectal temperature at 106 to 107° F. for five to seven hours. Gonor- 
rhea was considered resistant to sulfonamide therapy after the adminis- 
tration of 35 Gm, of sulfathiazole in five days, followed for five more 
days by the same amount of sulfadiazine. This was in addition to 
sulfonamide therapy which was given in many cases prior to the admis- 
sion of the patient to this hospital. 

Prior to the fever therapy the sulfonamide was discontinued for a 
period of one week. On the day before the hyperpyrexia, 10 Gm. of 
sodium chloride and 3,000 c.e. of water were given by mouth between 
noon and bedtime. The patient was encouraged to take a full diet, 
with 10 Gm. of brewer’s yeast in addition. At bedtime 3 Gm. of 
sulfathiazole were administered by mouth, and in the morning an 
additional 2 Gm. were given. Just before entry into the cabinet, 15 e.c. 
of paraldehyde were given orallj^, and further sedation during the 
coui’se of the treatment consisted of 8 mg. of morphine in the first 
hour, followed several lioui’S later by 0.3 mg. of scopolamine. For 
the most part the patients were quiet and cooperative duiing the treat- 
ment. The average time taken for the rectal temperature to reach 
106° F. was one and a half hours. As the temperature varied between 
106 and 107,° the pulse rate ranged from 140 to 160 per minute. 

• Iced physiologic saline was given by mouth throughout the treatment, 
arid the average intake was 1,500 to 2,000 cubic centimeters. The 
temperature elevation was maintained by means of radiant heat sup- 
plied by ten 100-watt electric light bulbs in an atmosphere approaching 

■Received for publication April 26, 1944. 
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completely subsided and he felt quite normal. His blood ])ressure 
remained at 85/50. For two days after the treatment he had fever, 
with a temperatui'e up to 102° F., and for one week there were a 
moderate leucoejdosis and aecelex’ation of the sedimentation rate to 
30 mm. per hour. His blood pressure did not return to normal for 
ten days. The electrocardiographic changes are described in Fig. 1. 

Case 2. — Before admission to the hospital this 19-year-old patient 
had received “large doses” of sulfonamides for a fifteen-day period. 



Dec. 1 Dec. 3 Dec. IG 

Fig. 3. — Case 3. Fever therapy on Nov. 30, 1913. December 1. There is elevation 
of the S'T take-off in Leads 1 and II, and to a gi eater extent in the chest lead 
Slight depression of this segment m Lead III, ending in a biphasic T wa\e. The QRS 
complex in Lead IV is of low amplitude, and the R wave is a little sluired. Decem- 
ber 3 In this lecord the T wa\e is deeply inveited in Leads I, II, and III. The 
QRS complex is still very small in Lead IV, and the R wave is sluned. December 
lb Theie is still in\eision of Ti 2 nn.i i Ta has a tendency to be biphasic. The R 
wave in Lead IV is now much larger. 

Impi ession — ^The progressive changes in these recoids are indicative of coionary oc- 
clusion, probably anterior in type. A recoid taken Jan 30, 1944, still showed inver- 
sion of T^ but the other T waves were upright. 

Prior to the fever treatment he received 35 Gm. of sulfathiazole in 
five days, followed during the next five-day period by 35 Gm. of sul- 
fadiazine. There was no lessening of tlie urethral discharge, and no 
toxic manifestations of the drug therapy were noted. This patient was 
given the routine preparation for fever therapy. On physical examina- 
tion his heart and lungs were normal, and his blood pressure was 115/75. 
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his pulse was regular and of good quality, and at no time did the rate 
exceed 160 beats per -minute. During the period in the cabinet he 
took 2,400 c.e. of physiologic saline by mouth, and was quiet and 
cooperative. On removal from the cabinet his blood pressure was 70/50. 
When his temperature returned to normal his pulse rate was 86, and, 
after the intravenous treatment, his blood pressure rose to 100/60. 
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Fig. 2. — Case 2. Fever therapy on Nov. 19, 1943. December 23: Lead I: 'Die 
S-T segment is arched, and ends in an inverted T wave. Lead II: The S-T segment 
has the same appearance as in Lead I, but the T wave is not so deeply inverted. 
Lead III; essentially normal in appearance. Lead IV: An auricular premature beat 
is visible. The R wave is almost entirely absent, and the T wave is very deeply 
inverted. 

Impression . — These changes are typical of those which occur with coronary occlu- 
sion of the anterior type. An electrocardiogram ’taken on March 5, 1944, showed nor- 
mal T waves, but the R wave in Lead IV w'as still very small. 


The following morning he complained of a moderately severe, oppressive 
feeling beneath the steimum. He appeared rather apprehensive and 
pale, but was quiet. His blood pressure was 70/40, and his pulse rate, 
84. The heai-t sounds were distant. Pour hours later his symptoms had 
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These- facts, coupled with the drastic nature of the therapy, make it 
reasonable to assume that this complication is more widespread than has 
been previously suspected, and that electrocardiogTams should be taken 
routinely before and during the twent 3 '--four- to seventy-two-hour period 
after fever therapy. The development of this type of cardiac lesion 
as an aftermath of fever treatment has been reported but rarely. In 
the three cases described here, the progressive changes in the electro- 
cardiogram were typical of occlusion of a coronary arteiy, and they 
pei-sisted for the entire time the patients were under observation, which 
varied from six to ten weeks. 

Trautman- has reported tlie complications in a series of 6,881 treat- 
ments with therapeutic liyperpju-exia. The blood pressure fell to 80 
mm. Hg, systolic, or below, in 8.5 per cent of the patients. It seems 
possible that, among this group, eases of the type described in this com- 
munication might have been discovered if electrocardiograms had been 
taken.^ 

After these cases were observed, records were made a'outinely before 
and for three days after therapeutic hyperpjwexia in a series of fifteen 
cases. In two ca.scs, other than those reported, the electrocardiograin.s 
.showed a coronary type of S-T segment and T-wave change within 
twenty-four hours which persisted for several days, but then reverted 
to normal. Neither patient had any complaints referable to the cardio- 
vascular system. In several others, a transient eai’diac arrhythmia was 
observed in additon to minor changes in the S-T segments and.T waves; 
this was of short duration (Fig. 4). 

In view of the typical electrocardiographic abnormalities in these 
three cases, with progressive changes persisting after five to ten weeks, 
the diagnosis of coronary occlusion seems quite conclusive. The patho- 
genesis of the occlusion is not clear, hliller and Woods^ analyzed twelve 
eases of coronary thrombosis oecux-ring in patients between the ages 
of 20 and 30 years. Ten of their patients were men and two were 
women. There was no predilection for race or occupation. Four died 
in the first attack. There was a histoiy of rheumatic fever in one, and 
in none was syphilis the cause. Atheroma or atherosclerosis was found 
in all four eases in Avhich there were adequate autopsy data. The 
anterior descending branch of the left coronary artery was most fre- 
ciuently the .site of thrombosis. 

It is possible that in the cases of the present series an atheromatous 
nidus existed, and that changes in fluid and electrolyte balance or in 
the coagulability of the blood as a result of the prolonged high tempera- 
ture might have been the precipitating factor. It is of interest, in view 
of the autopsy observations noted above, that in all of these cases the 
electrocardiograms pointed to the anterior descending branch of the 
left coronap'- artery as the seat of the thrombosis. The patients in the 
pxesent series recovered promptly from their symptoms, but continued 
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During- fever therapy, his temperature rose from normal to 106° P. 
ill eighty-eight iiiiiiiites. His pulse was regular and of good quality 
throughout the treatment, ivith a rate between 140 and 160 per minute. 
The fluid intake during his stay in the cabinet was 1,800 e.c. of physio- 
logic saline orally. One hundred fifty minutes after removal from the cabi- 
net his blood pressure was 110/50, and his pulse rate was 116 per minute. 
The pulse rate soon fell to 86 per minute. The folloiving day he felt 
normal, and was soon discharged from the hospital, cured of his urethral 
discharge. Five weelis later he was readmitted to another hospital for 
a second gonorrheal infection, and an electrocardiogram was made 
preparatory to further fever tlierapy. Although the patient felt per- 
fectly well, and although physical examination was negative and his 
blood pressure was perfectly normal, the electrocardiogram showed the 
t}q)ical T-wave changes which follow occlusion of the anterior descend- 
ing branch of the left coronary artery (Pig. 2). 

Case 3. — ^This 25-year-old patient was admitted to the hospital be- 
cause of gonococcal uretin-itis. He received sulfathiazale and sulfadia- 
zine according to the usual routine, Avith no improvement. ' This was 
followed one week later by fever therapy, ndth a temperature of* about 
105.6° P. for eight hoiu-s. He took 1,500 e.c. of physiologic saline by 
mouth; his pulse rate remained below 160 per minute, and he did not 
become restless or have any complaints. The next morning, about six- 
teen hours, after removal from the cabinet, he complained of a numb 
feeling in both arms and a sensation of tightness and aching pain 
beneath the upper part of the sternum. He was fairly apprehensive, 
but his breatliing was quiet and he was not cyanotic or dyspneie. The 
lungs were normal. The heart was not enlarged, the sounds were of 
quite good quality, and no mui-mui-s were audible. The blood pressure, 
which had been 120/60 before treatment, was now 106/70. He appeared 
well hj^drated, and the hematocrit reading was normal. An electro- 
; cardiogram taken at this time showed changes typical of coronary occlu- 
sion of the anterior tjqie (Pig, 3). There was a slight rise in tempera- 
ture, the leucocyte count rose to 13,000 per c. mm., and the sedimenta- 
tion rate was 14 nun. per hour. Two days later he still complained of 
pain, and at that time had tenderness in the region of the left trapezius 
muscle. The blood pressure had risen to normal, and examination of 
the heart revealed no abnormalities. At no time was he acutely ill. His 
urethral discharge disappeared after the fever therapy and did not 
return. Recovery was uneventful. The electrocardiogram showed the 
progressive changes characteristic of occlusion of the anterior descend- 
. ing" branch of the left coronal-:^'- artery. Residual changes were still 
present in records made eight weeks after the onset of the illness. 

DISCUSSION 

Three patients developed electrocardiographic changes typical of 
occlusion of a coronary artery after fever therapy for sulfonamide- 
resistant gonococcal uretlu-itis. All of these patients were healthy 
young soldiers; their ages were 24, 19, and 25 years, respectively. In 
none of these eases was there any reason to suspect any abnormality of 
the cardiovascular system prior to the treatment. In one ease there 
were never any symptoms referable to the heart, and in the other two 
they w^ere relatively mild and the patients were never seriously ill. 
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ent frequency and the possible effect on the future health of the patient 
of this complication, it is recommended that penicillin be used in the 
treatment of sulfonamide-resistant gonococcal infections whenever it is 
possible. 

SUMMARY 

1. Three cases of coronary occlusion occurred after the administra- 
tion of therapeutic hyperpyrexia for sulfonamide-resistant gonococcal 
uretlmtis. 

2. All of the patients were young adult males and had no pre- 
existing disease of the cardiovascular system. In no instance was the 
patient critically ill. 

3. Electroeardiograms in each case showed progi’essive changes similar 
to those which occur noth occlusion of the anterior descending bi’anch 
of the left coronaiy arteiy. In two eases, definite T-wave changes were 
still present eight and ten weeks after the onset. In the third, a record 
made fifteen weeks after the therapeutic hypei^pyrexia revealed normal 
T waves. 
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to have abnormal electrocardiograms for many weeks after the onset, 
so that the effect on the state of the cardiovascular system in the future 
cannot be predicted. The serious nature of this complication makes it 
desirable to take electrocardiograms routinely before and during the 
twenty-four- to seventy-tAvo-hour period after fever treatment. Only 
in this manner can those cases in which there are few or no symptoms 



Pig. 4. — This record, taken forty-eight hours after fever therapy, shows one type 
of cardiac arrhythmia which may occur. There were numerous auricular premature 
beats, some of which were followed by short periods of A-V nodal rhythm. This per- 
sisted for four days after termination of the tiierapeutic hyperpyrexia. Leads I to 
IV, from above downward. 

be recognized and proper therapy instituted. It is of interest that one 
patient in this series never had any cardiac symptoms, was discharged 
Avithout any restriction of activity, and five Aveeks later had a routine 
electrocardiogram which revealed the diagnosis. In vicAV of the appar- 












PEEIODIO CHANGES IN THE FORM OP THE P WAI^DS IN 

PARTIAL HEART BLOCK 

David Scherf, M.D. 

New York, N. Y. ■ 

TN EXPERIMENT AL^ and clinical heart block- a peculiar dis- 
1- turbanee of the auricular rhythm may be observed; it consists of 
a prolongation of one or two of the auricular cycles which follow 
ventricular contractions. This phenomenon was attributed to rhythmic 
variation of vagal tonus.^ Reflex inhibition of the heart by stimulation 
of the pressor nerves in the aorta and carotid sinus can wax and wane 
within one single cycle/’ ® These periodic changes in auricular rate 
are not rare. 

The phenomenon was markedly developed in nine out of fifteen 
eases of complete heart block ; in three other cases in the same series 
it was inconstant and less distinct, but in onlj’- three patients was it 
absent.^ It is very common in 2:1 block. Here the auricular periods 
during which a ventricular contraction occurs are shorter than the 
others, and the P waves wdiich follow a ventricular contraction seem 
premature. The differentiation from auricular extrasystoles is there- 
fore necessary and usually easy. The form of the P wa^’es remains 
constant in eases of heart block, whereas the premature P Avave in- 
auricular extrasystoles usually show’s a different fonn. 

Auricular extrasj’stoles wRich originate , in the sinus node have 
P Avaves of the same form as those of the sinus beats; accordingly, the 
picture is siinilai* to 2:1 block Avith alternating length of the auricular 
period, but such extrasystoles are very rare. In most cases of partial 
heart block exercise produces a change in the type of the block, and 
this AA’ould aid in differential diagnosis. 

In heart block, however, periodic changes in the form of the P Avaves 
may occui-; they are independent of the disturbance of rate, but some- 
times thej'- are combined Avith it. 

The electrocardiogram shoAvn in Fig, 1 Avas obtained from an 18 - 
year-old patient Avith rheumatic fever. The P Avaves are abnormally 
Avide and split, and there is left axis deAuation Avith some slurring of 
the QRS complexes. The tracings shoAv 2 :1 block, Avitli delayed aurieulo- 
ventrieular conduction interchanging Avith periodically dropped beats. 
The patient had not received digitalis. It is clear that those P avra’cs 
AA’ hieh appear after a long ventricular diastole have a different form 
than those Avhieh appear soon after a T Avave. The change is present in 
aU leads and is most marked in Lead II. In this tracing the P waves 
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■which appear after a longer ventricular diastole are sharper and do 
not show notching in the downsti’oke, as do the other P waves. During 
the series of conducted beats the form of the P waves is constant. 
The change, however, is always present during the 2 :1 block. 

The auricular cvcle which includes a ventricular contraction measuies 
0.64 second, whereas the others measure 0.68 to 0.70 second. The P 
waves of abnormal configuration appear, therefore, to be slightly 
premature. 



Fir. 3. — Changes in the P waves and 2:1 block. 


Pig. 2 was obtained from a 48-year-old patient -ivith rheumatic aortic 
insufficiency during a recuiTenee of his rheumatic fever (Lead CB 4 ). 
The patient had not received digitalis. The electrocardiogram shows 
periodical!}' dropped beats (Wenckebach’s periods). In this tracing, 
again, those P waves whicii follow a ventricular comiilex rather closely 
have a different form than the others. They are low and more split. 
The auricular rate is regular. 

Pig. 3 shows tlie three limb leads of an electrocardiogram obtained 
from a 65-year-old patient with coronary sclei’osis and angina pectoris. 
There is a 2:1 block, and a deep Q wave is visible in Lead III. lu 
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Changes in the foim of the P waves in partial or complete heart 
block are known to ocenr. The distui-banee, however, is always visible 
for a series of beats, and does not concern exclusively those P waves 
which come early after a QES complex. It is independent of ventricular 
actmty, and is due to the fact that the disease w'-hieh causes the heart 
block (diphtheria, coronary sclerosis) also involves the auricles and 
causes a shift of the pacemaker or a disturbance of intra-auileular 
conduction. The changes in the form of the P rvaves mentioned in this 
paper have not — as far* as we can ascertain — been described before. 

In those eases in which the alternation in the form of the P waves 
is combined with an alternation in the length of the auricular periods, 
confusion with auricular extrasystoles is easdy possible. In aU five 
eases, analysis of long tracings or exercise tests permitted one to ex- 
clude the presence of auricular extrasystoles. 

In the first two eases (Figs. 1 and 2) the disturbance persisted as 
long as the partial heart block lasted, that is, for two and four days, 
respectively. In the other three cases no follow'-up study was possible. 

Air explanation of this disturbance which comes to mind first is that 
there is superimposition of a U wave on those P waves wMch appear 
early in diastole and follow the T weaves at an appropriate distance. 
It is kno^vn that, under some conditions, for instance in tachycardias, 
this summation may alter the form of the P weaves, and this mechanism 
may play a role in some of the tracings reported. A study of other 
tracings, however, like that of Pig. 2, shows that the periodic altera- 
tion of the form of the P wmves appears independent of U waves; the 
fir*st, third, and fifth QES complexes of this tracing show this clearly. 
The T waves of these QES complexes are not followed by a’U wave. 
Therefore, those abnormal P Avaves AA'hich appear a shorf distance 
after the T AAmve are not altered by srunmation with a U wave. Al- 
though U waves may be inverted, they are not sharp and peaked 
like the wmves folloAving the T waA'es in Lead III of Pig. 3. 

Sometimes abnormal and premature P Avaves folloAv the QES complex 
at a short interval in complete heart block. Originally they Avere ex- 
plained as a result of mechanical irritation of abnormal auricular 
centers by the ventricular systole; the latter Avas supposed to induce 
the formation of a heterotopic stimulus. These premature, abnormal 
P AvaA'es are noAv explained better by a retrograde conduction of 
ventricular automatic beats to the auricle. This mechanism can easily 
be ruled out for the eases described in the present paper. 

It is more probable that the same mechanism AAliich causes the 
auricular rate to change, that is, variation of the v’agal tonus in heart 
block, also influences the site of formation of stimirli or their spread 
over the auricle, and is in this AAmy responsible for the abnormal form 
of the P AvaA'es m partial heart block. 
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Lead I the blocked P wave, coming early 'in diastole, is higher than 
the conducted P wave. In Lead III the blocked P wave is inverted, 
whereas the conducted P wave is positive. Prolonged observation of 
this patient and exercise tests proved that we were dealing with 2 :1 
block, and not a bigeminal rhythm due to blocked auricular extra- 
systoles. The P-P interval which includes a ventricular complex meas- 
ures 0.74 second.; the following or the preceding one measui*es 0.80 
second. . The abnormal P wave is therefore premature. 

Pig. 4 shows two tracings, obtained from two different patients with 
2 :1 block. The upper tracing was taken from a patient with coronary 
sclerosis, and the lower from a patient with rheumatic fever. Both 
tracings are Lead II. In the upper tracing the blocked P wave is 



Pig. 4. — -Two cases of 2 ;1 block with alternation in the form of the P waves. 


lower, and in the lower tracing it is higher and broader, than the 
P wave which is conducted to the ventricle. A tracing obtained after 
an exercise test in the second case, wliich was published in another 
connection® elsew^here, show^s that a conduction disturbance exists, and 
not extrasystoles. In the upper tracing the P-P intervals w’^hich include 
a ventricular complex measure 0.78, the others 0.84, second. In the 
bottom tracing the corresponding values are 0.59 and 0.68, respectively. 
In both eases, therefore, the length of tlie auricular cycle alternates, 
and the cycle during wliich the ventricle contracts is shorter. 

DISCUSSION 

In all five eases partial heart block existed, and in all eases only 
those P waves were abnormal wliich appeared early after a QRS 
complex. 


NEGATIVE DISPLACEMENT OP THE RS-T SEGMENT IN THE 
ELECTROGARDIOGRMt AND ITS RELATIONSHIPS TO 
POSITIVE DISPLACEMENT; AN EXPERIMENTAL 

STUDY 

Charles C. Wolperth, M.D., Samuel Bellet, M.D., 

Mary jM. Lh^ezey, M.D., and Praxklix D. Murphy, jM.D. 
Philadelphia, Pa. 

N egative displacement of the RS-T segment of the electrocardio- 
gram is common. Stud}*^ of the literature relating to the mech- 
anisms concerned in its development is, however, not highly illuminating, 
chiefly, we believe, for two reasons. In the first place, remarkably lit- 
tle experimental work has been done in the attempt to explain it. Sec- 
ond, the relationships of negative displacement in body surface electro- 
cardiograms to potential changes at cardiac surfaces during that inter- 
val are not well enough understood.* 

Recent studies have indicated that, in general, potential variations of 
ventricular origin on the surface of the right arm are relatively smaller 
in magnitude than those of the left arm and left leg,"^'® and that, in 
Leads I and II, the patterns of differences of potential usually bear some 
resemblance to the patterns of potential variation of the left arm and 
left leg, respectively. Thus, the probability is that, in concordant neg- 
ative displacement, potential of cardiac origin distributed to both the 
left arm and left leg is negative during that interval, and that negative 
potential change is also present over at least part of the epicardial sur- 
face of the anterolateral wall of the left ventricle and part of the pos- 
terior surface in close contact with the diaphragm. It is therefore pos- 
sible that the negative displacement recorded in limb leads by Scherf 
and Boyd'* after trauma to the inside of the left ventricle reflected nega- 
tive potential change at posterior and anterolateral surfaces of the left 
ventricle. Our observations on negative RS-T segment displacement, 
both experimentally and in acute myocardial infarction, have led us to 
believe that its direction in Lead II reflects the same direction of po- 
tential change on the posterior surface of the left ventricle. Some evi- 
dence for that correlation ivill be fuimished in this study. 

From the Edward B. Robinette Foundation, iledical Clinic. Hospital of the 'Uni- 
versity of Pennsylvania, and the Division of Cardiology of the Philadelphia General 
Hospitiil. 

Read in abstract, April 20, 1944, at the Inaugural Program of the Institute Na- 
cional de Cardiologia, Mexico, D. F. 

Received for publication May 29, 1914. 

*lVe make the conventional assumption that, when one electrode is placed in con- 
tact with a cardiac surface, and the other placed at a distance from the heart, the 
recurrent patterns of differences of potential corresponding to ventricular activity rep- 
rcsent potential tluctuations or variations transmitted to the electrode in contact 
with the heart, and that, consequently, such electrocardiograms reflect a contlnuovw 
record of tlie mean potential variations of the surface area in contact with the 
electrode. 
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SUMMARY 

Five cases of partial aurieiiloventrieiilar block are, reported, in wliicli 
those P waves Avhieh came earlj" in diastole constantly had an altered 
shape. In four of these eases, dm-ing* 2 :1 block, the P waves vdth an 
abnormal configuration seemed to be slightly premature: 

■ Knowledge of this disturbance will prevent confusion mth blocked 
auricular extrasystoles. 

Sometimes this change of form may be due to superimposition of 
XJ waves on early P waves. Another possibility is a change in intra- 
auricular conduction or site of stimulus formation caused by varying 
vagal tone. 
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tion, as had been found to be the ease in dogs. This prediction was veri- 
fied later in 1932^® by the publication of chest leads obtained before and 
shortly after posterior infarction. In 1938, Wood, Wolferth, and 
Bellet^’’ also showed that negative ES-T segment displacement in a lead 
Avith one electrode placed over or outside the apex is one of the charac- 
teristic changes in acute lateral infarction. 

In the meantime, Wilson and his eo-Avorkers^® had published their 
study of bundle branch block, Avhieh furnished evidence that patterns 
of preeordial leads tended to resemble those obtained Avhen the explor- 
ing electrode Avas placed on corresponding underlying epicardial sur- 
faces. Another observation by Wilson et al.,^® which is pertinent to oin 
present subject, Avas that, in the turtle heart, negative ES-T segment 
displacement could be recorded at an epicardial area distant from the 
area of injuiy. Belief and Johnston-® confirmed Wood, Wolferth, and 
Livezey’s observation that deprivation of blood supply to the posterior 
Avail produces ES-T segment displacement on the anterior Avail opposite 
in direction to that obtained over the area deprived of its blood supply. 

In contrast to the meager experimental data bearing on the subject of 
negatiA'^e ES-T segment displacement, there have been numerous clinical 
studies in Avhieh this phenomenon has been recorded. It is Avell Ioioaati 
that, in addition to its presence in chest leads in acute posterior infarc- 
tion, negative displacement over and above the slight negative displace- 
ment sometimes observed iu normal subjects may be recorded both in 
Lead II and in chest leads folloAving acute lateral infarction, during at- 
tacks of angina pectoris, as a digitalis or epinephrine effect, or as a re- 
•^sult of other toxic states, and in the so-called hyperventilation sjm- 
ch'ome.®^ It may be present constantly in association Avith hAyertensive 
states, and in certain cases of left ventricular hypertrophy AAuthout hy- 
pertension. "^It is found occasionally during a state of shock, and may 
be produced by carbon monoxide poisoning (Bellet, unpublished ob- 
seiwations) or in certain persons by reduction of the pei’centage of oxy- 
gen in the respired air. It has been shoAvn to be present in certain eases 
of coronary insiifficieney in AA^hich lesions Avei’e suspected, or at least 
deficiency of oxygen supply, involving the endocardial side of the heart 
wmll.-- Consequently, because of the clinical importance of negative 
displacement and the unsatisfactory status of oiu* loiowledge as to the 
modes of its production, an experimental study was undertaken. This 
study concerned itself Avith efforts to produce negative displacement in 
leads made Avith an exploring electrode on cardiac surfaces, and ob- 
servations on its relationships to positive displacement. 

REPORT OE EXPERIMENTS 

Methods. — ^Dogs Avere anesthetized deeply by the intrap eritoneal ad- 
ministration of 50 mg. (or more, if necessary) of sodium amytal per 
kilogrmn of body Aveight. A tracheal cannula Avas tied in place, and 
aifificial respiration instituted by means of a motor-driven beUoAVs. The 
chest Avas_ then opened by cutting the ribs bilaterally in the anterior 
axillary line. The sternum, Avith attached rib fragments, Avas throAvn 
back, giving full exposure of the anterior part of the thorax. The peri- 
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In dealing witli ES-T segment displacement in chest leads, one is on 
somewhat firmer ground than has been the case in limb leads, because 
correlation between the direction of RS-T potential change on the an- 
terior and left anterolateral aspects of the epicardium and the over- 
lying precordium has been more definitely established. Segment dis- 
placement in CR leads, or leads in which the exploring electrode is 
placed over a part of the precordium and paired with one placed over 
the spine of the right scapula, we believe, reflects with a high degree of 
accuracy the direction of potential change at the underlying epicardial 
surface. 


HISTORICAL SUMMARY 

Engelmann, in 1873, was the first to demonstrate ‘‘monophasic'’’ 
curves resulting from cardiac injury, according to Burdon-Sanderson 
and Page® (Engelmann ’s article was not available to us), who confirmed 
the observation. Bayliss and Starling® state that Waller, who showed 
that “monophasic” curves can also be recorded from mammalian hearts, 
at first regarded them as a normal phenomenon, but later attributed 
them to injury. Bajdiss and Starling, however, showed beyond ques- 
tion the relationship in the mammalian heart between cardiac injury 
and what would now be regarded as segment displacement.* These 
studies long antedate Samojloff’s" demonstration, in the cold-blooded 
heart, of RS-T segment displacement after injury, by means of the 
Einthoven galvanometer, Eppinger and Rothberger® obtained evidence 
to indicate that the direction of RS-T segment displacement in recto- 
esophageal leads may depend on the part of the heart subjected to in- 
jury. The experimental data are open to some question, but the im- 
portance of the concept is not. 

The awakening of interest in the electrocardiographic study of the 
effects of coronary obstruction on the myocardium followed Smith’s® 
pioneer experimental work on that subject, in which limb leads were 
used. This was quickly followed by Pardee’s^® observations on electro- 
cardiographic changes in human coronary obstruction. Parkinson and 
Bedford^' and Bames and Whitten^® then established the limb lead 
criteria by which infarction involving the anterior and posterior walls 
of the left ventricle could be differentiated. 

In the meantime, chest leads were almost forgotten, although they 
were used occasionally by Lewis and others to obtain information re- 
garding abnormalities of auricular mechanism. Otto,^® however, used 
them in 1929 for the specific purpose of studying experimentally the 
effects of myocardial injury. He demonstrated that, after injury to 
the dog’s heart. RS-T segment displacement appeared in a lead made 
with both electrodes on the front of the chest. 

In 1932, ^Yolferth and Wood^^ reported observations on chest leads 
in human anterior myocardial infarction. With the polarity used at 
that time, the RS-T segment was recorded as displaced downward. It 
would now be recognized as positive displacement. On the basis of ex- 
perimental studies by Wood, Wolferth, and Livezey,^® completed at the 
time of that publication but not published until 1933, it was predicted 
that, in human posterior infarction, the direction of the RS-T segment 
displacement in chest leads would be opposite to that of anterior infare- 

*In the same paper, Bayliss and Starling concluded that leading from the apex 
and the right arm yields the largest deflections and is, therefore, favorable. 
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epicardiuni with potassium, chloride again caused the previously-de- 
scribed segment displacements. This procedure could be repeated sev- 
eral times on the same heart ^vith the same results. In one instance, 
bathing only the left ventricle with fifth-molar potassium chloride solu- 
tion caused positive ES-T segment displacement in leads from the sur- 
face of that ventricle, and negative KS-T segment displacement from the 
surface of the right ventricle (Pig. 1, B-1 and B-2). With the develop- 
ment of positive segment displacement, the amplitude of the intrinsic 
deflection of the QRS complex tended to decrease. As a rule, it ex- 
tended little, if at all, toward the base line beyond the level of the RS-T 
segment. The pre-intrinsie deflection Avas practically uninfluenced by 
the external application of potassium chloride solutions. The T Avave 
tended to change from the inversion recorded in controls to the upright 
position. 

A single experiment Avas carried out in Avhich the external surface 
of the heart Avas bathed in an extremely dilute solution of ouabain. This 
produced positive RS-T segment displacement in leads from the epi- 
cardial surface Avhich, over the course of several minutes, became quite 
marked (Pig. 1, C-1 and C-2). The pattern Avas quite different from 
that produced bj^ potassium chloride, in that the amplitude of the in- 
trinsic deflection Avas but little affected, the positive RS-T segment dis- 
placement Avhieh Avas maximiun at the end of the QRS complex deci’eased 
rapidly, and the T AAmve remained inverted. Negative RS-T segment 
displacement Avas i*eeorded Avhen an exploring needle electrode Avas 
placed Avithin the left ventricular cavity (Fig. 1, C-3). This pattern Avas 
different from that produced in the Amutrieular cavity by the external 
application of potassium chloride solution, in that the negative dis- 
placement AA'hich AAms maximum at the end of the QRS complex dimin- 
ished rapidly. 

II. Injection of fifth-molar potassiimi chloride solution into the ven- 
tricular Avail Avas carried out on tA\m animals. A 20-gauge needle Avas 
introduced into the myocardium at an acute angle, and plunged to a 
point Avhich Avas thought to be subendocardial. That it was in fact 
subendocardial Avas confirmed by po.st-mortem examination of the heart. 
Injection of 1 to 2 c.c. of the potassium chloidde solution then produced 
marked negatiA^e ES-T segment displacement in leads taken from regions 
of the epieardium oA^erlying the point of injection (Pig. 1, B-1 and B-2). 
Continued injection led finally to positu'e RS-T segment displacement in 
leads from the same areas (Fig. 1, B-3). Injection of the potassium 
chloride solution into the subepicardial muscle, on the other hand, gave 
only positiA'e RS-T segment displacement in leads from the overlying 
epieardium (Pig. 1, D-4). These changes Avere temporary, so that, after 
Avaiting a fcAV minutes, the tracings assumed the form of the control 
tracings. Thereupon, reinjection of potassium cliloride solution caused 
the appearance of the same phenomena. These experiments could be 
repeated as often as three times on the same heart Avith comparable 
results. 

HI. Scarification of the endocardium Avas carried out in four dogs. 
The technique on tAvo animals Avas as folloAA\s: a small metal curette, 
on the end of a slender steel rod, Avas introduced through a small slit 
in the left auileular appendage (Avhich Avas .ligated about the rod to 
avoid blood loss), and passed doAV'n through the mitral valve into the 
left A'entrieular cavity. Control tracings Avere taken. Then injury Avas 
produced by tuiming the curette against the endocardium. 

Injury to the endocardium of the left ventricle in one animal by the 
method described produced positive ES-T segment displacement ' iu 
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cardium was opened from apex to base and fixed against tbe lateral 
cbest walls without altering the position of. the heart, but allowing free 
access to all portions of its surface. Only acute experiments were un- 
. dertaken. 

The indifferent electrode in all experiments was a needle electrode in- 
serted into the muscle of the right forepaw. The exploring electrode 
used to obtain the potential variations of the ventricular cavity was a 
needle, insulated by baked enamel to within 5 mm. of the tip. Bpi- 
cardial as well as precordial tracings were obtained mth an exploring 
electrode consisting, of a metal shaft, insulated by rubber tubing except 
at the end, where it was covered with several tliiclaiesses of gauze kept 
well saturated with warm 0.85 per cent sodium chloride solution. Elec- 
trocardiographic results were continually visualized during the experi- 
ments by means of a Sanborn eardioseope, and, at appropriate points, 
tracings were made for permanent records with a Sanborn amplifying 
tj'pe of electrocardiograph. 

In almost all experiments, after opening the pericardium and before 
manipulating the heart, the T waves in direct and semidirect leads, par- 
ticularly in tracings made over the left ventricle, were found to be in- 
verted, probably because of exposure of the heart to relatively cool air. 
This phenomenon has been discussed previously by Barnes and Mann.^® 
The ES-T segment, however, was usually not significantly displaced, 
thus allowing satisfactory control tracings for our purposes. 

Realizing that slight pressure or friction of an electrode on the un- 
derlying cardiac tissue will cause RS-T segment displacement, due 
caution was observed in the application of the electrodes. This appeared 
to be especially important when taking tracings from the ventricular 
cavity. Unless (1) all of the uninsulated tip of the needle electrode was 
inserted beyond the endocardium and into the ventricular cavity, and 
(2) contact with the endocardial waU was avoided, RS-T segment eleva- 
tion was always present. The utmost precautions are therefore re- 
quired to exclude artifact as a cause of RS-T segment displacement re- 
corded with an electrode in a ventricular cavity. Negative displacement 
was never recorded in control tracings. 

In certain instances, more than one type of experiment was performed 
on the same heart. However, prior to each experiment, the heart was 
allowed to return to its original state, at least as far as tracings were 
concerned, and preliminary control tracings were always made. Each 
type of experimental observation was cariied out on one or more pre- 
viously unmanipulated hearts. 

Types of Experiments and Results . — 

I, The epieardial surface of the heart was bathed in warm fifth- 
molar potassium chloride solution in three animals. Tracings were 
taken from aU parts of the surface of both ventricles and from the endo- 
cardial cavity of each ventricle. ■ The changes were always of the same 
type, and consisted of positive RS-T segment displacement in leads with 
the exploring electrode anj’Avhere over the outside of either ventricle 
(as had been anticipated from previous work by others with potassium 
chloride) , in a pad lead from over the surface of the heart, and in Lead 
II: On the other hand, negative RS-T segment displacement was always 
recorded when the exploring electrode was inserted into the endocardial 
cavity of either ventricle (Pig. 1, A series). ’Washing the epieardimn 
with warm 0.85 per cent sodium eliloride solution then brought the RS-T 
segment rapidly back to the isoelectric line, whereupon irrigation of the 
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leads from ^vithin both ventricular cavities (Fi" 2, A-1 and A-2) . Leads 
taken at various points from the anterior, lateral, and posterior sur- 
face of both ventricles showed negative ES-T segment displacement in 
every instance. Post-mortem examination of this heart revealed two 
distinct areas of injury: one on the anterior endocardial wall of the 
left ventricle near the apex, measuring S by 8 mm., and another on the 
posterolateral endocardial surface, about 1 cm. square. At both points, 
only endocardium and the subendocardial muscle had been injured. 

Endocardial damage, produced by the same method, to the left ven- 
tricle of another dog produced changes of the same type and degree as in 
the first animal. In addition, how’-ever, significant, negative ES-T segment 
displacement was recorded in Lead II. as well as in three preeordial leads, 
namely, one taken from the right of the sternum, one from over the 'ster- 
num, and one from the left of the sternum (Pig. 2, A-3 to A-12, inehi- 
sive) . It was further noted in this experiment that the degree and dm'a- 
tion of the negative ES-T segment displacement seemed directly related 
to the extent of the endocardial injury. After slight injiu’y, the negative 
ES-T segment displacement on the outside of the heart was of small 
magnitude and quite transitory, whereas, after more severe damage, the 
negative displacement was greater and more lasting. 

Two earlier experiments of this same type wmre performed, using a 
different method of injuring the endocardial surface. The injury pro- 
duced by this method was slight, and the tracings in these experiments 
were equivocal. It appears that fairly extensive trauma to the endo- 
cardial surface of the heart is necessary, when this method is used, to 
produce significant negative ES-T segment displacement on the epi- 
cardial surface, and therefore on the preeordium. The rapid decrease 
in magnitude of the displacement in these experiments suggested that 
vascular spasm may have helped to produce it. 

IV. Various poi’tions of the epieardial surface of the hearts of four 
dogs were damaged by cautery, and leads taken from the area of in- 
juiy, pei'iphery of the injury, and from points on the surface of the 
heart quite distant from the injury. The technique followed was to 
heat the tip of an iron rod to redness, and then place it on a previously 
designated area of the epieardium. The area of damage was usually 
from 1 to 2 cm. square. Care was taken to sear only the most super- 
ficial portion of the subepicardial muscle. Although eveiy effort was 
made to avoid injuiy to superficial blood vessels, it was not always pos- 
sible to be sure that no arterial damage had resulted. Nevertheless, by 
tins method one is able to produce a fairly well-defined area of injury. 

The posterior wall of the left ventricle was damaged by this means 
in three animals. In the first of these experiments the area of injury 
was smaU. Leads taken from the damaged area showed positive ES-T 
.se^ent displacement, -whereas leads taken from other areas of the 
epieardium showed no significant ES-T segment displacement. The sec- 
ond experiment, however, in which the area of damage was larger 
(approximately 1 cm. square), revealed that, although leads taken from 
the seared area showed positive ES-T segment displacement, leads taken 
from normal-appearing epieardium at the peripheiy of the injured area 
on the lateral and posterolateral sui'faee of the left ventricle showed 
negative ES-T segment displacement, and leads from the anterior waU 
of the left vmntriele showed even greater negative ES-T segment dis- 
placement. In the third experiment of this sort, no ES-T segment dis- 
placement was obtained from the anterior waU of the left ventricle, but 
positive ES-T segment displacement occuiTcd not only in leads from the 



WOLFERTH ET AL. ; DISPLACEMENT OP RS-T SEGMENT 225 



The A series illustrates the results of bathing- the entire epicai'dial suiTace of the 
canine heart with flfth-molar solution of potassium chloride. The control tracings 
with the exploring electrode on the epicai’dial surface (not shown, but similar to Con- 
trols A-1 to A-7, inclusive, Pig. 4) exhibited intrinsic deflections extending from the 
' peak of the preintrinsic deflection to the neighborhood of the base line or below it, 
negligible RS-T segment displacement, and inverted T waves (as is common when the 
surface of the heart is exposed). In A-1 an exploring electrode (covered with gauze 
arid saturated with warm salt solution) was placed at the left ventricular apex, in 
A-2 on the lateral wall of the left ventricle, and in A-3 on the right ventricle near 
the apex. These illustrate the positive segment displacement obtained over the entire 
right and left ventricular surface. A-.’, is a pad lead. A large surgical gauze sponge, 
soaked with warm salt solution, Avas placed over the surface of the heart, and the 
, exploring electrode was placed on the surface of the sponge overlying the left ven- 
tricle. A-5 is Lead II. (In all leads, the sensitivity of the galvanometer was adjust- 
ed to display the pattern, so that amplitude of deflections cannot be compared.) A-6 
is a lead with an exploring needle electrode in the left ventricular cavity, and A-7 is 
a similar lead, witli tlie electrode in the right ventricular cavity. Negative displace- 
ment had not been present in the control endocardial leads. 

In the B series the epicardial surface of the left ventricle, only, was bathed with 
flfth-molar potassium chloride solution. In B-1, the exploring electrode Avas placed on 
the anterior surface of the left ventricle and. in B-2, on the uninvolved surface of the 
right ventricle. 

The C series illustrates results obtained by bathing the epicardial surface with a 
, dilute solution of ouabain in salt solution. C-1 is a' control epicardial lead from the 
anterior Avail of the left ventricle. (7-2 Avas obtained from the same area several 
minutes after the application of ouabain solution. The change in the RS-T segment 
, and in the depth of T AA'ave Avas gradual, and C-2 represents the maximum change. 
C-S Avas made Avith a needle electrode in the left ventricular cavity. Note difference 
of A’entricular patterns after application of potassium chloride solution and ouabain. 

The D series illustrates effects of injection of flfth-molar potassium chloride solu- 
tion into the ventricular Avail. D-l is a control obtained from the epicardial surface 
of the anterior Avail of the left ventricle. D-Z was obtained from the same area after 
the injection of flfth-molar potassium chloride solution deep into tlie muscle under- 
lying the electrode. D-3 shoAvs the effect of further injection into the same area with 
probable infiltration of the solution toAvard the epicardium. D-} shoAvs the initial 
effect of injection of flfth-molar potassium chloride solution in the subepicardial nart 
of the muscle directly under the electrode. The control for this experiment was 
similar to D-l. 





WOLFERTH ET ^VL. : DISPLACEMENT OF RS-T SEGMENT 227 

injured area, wMcli was low on the posterior wall, but also in leads fi’om 
the apes (Fig. 3; A-5 and A-6). The latter may have been due to the fact 
that, in this experiment, a small superficial blood vessel was involved in 
the injury. However, at the periphery of the lesion on the lateral wall of 
the left ventricle, negative ES-T segment displacement appeared (Pig. 3, 
A-?). As one gradually moved the electrode from the injured ai'ea to- 
ward the lateral wall, the positive ES-T segment displacement decreased 
until the segment became isoelectric, and, finally, negative ES-T seg- 
ment displacement appeared in leads from unseared tissue bordering on 
the area of injury (Fig, 3, A-9). This sequence of events occurred 
while moving the electrode not more than 1 centimeter. The zone in 
which negative ES-T segment displacement alone occurred was, how- 
ever, considerably wider. The electrode was then placed just outside the 
burned area, in the zone "where negative ES-T segment displacement was 



Fig 2 — ^Electrocai-diograms after extensive trauma to the endocardial side of the 
canine left ventricle, produced by means of a metal curette inserted through the left 
auricular appendage and mitral valve. The electi’ode paired with the exploring elec- 
trode w'as placed on the right foreleg. 

A-l and ‘A-3 vrere obtained with a needle electrode in the left and right ventric- 
ular cavities, respectively. The positive RS-T segment displacement in these leads is 
of doubtful significance because of the difficulty of excluding the possibility of con- 
tact of . the needle with the ventricular w'all as a cause of this displacement. In A-3 
the exploring electrode was placed on the epicardial surface of the apex of the left 
ventricle, in A-.f on the anterior wall, and in A-5 on the posterior wail. In A-C it -was 
placed on the anterior wall of the riglit ventricle, in A-7 over the lateral wall, and 
in A-8 over the pulmonai'y conus. The anterior chest wall was then replaced, A-9 
was made with the exploring electrode on the left side of the anterior chest wali 
fourth intercostal space, A-10 over the sternum at the same level, and A-11 over the 
right side of the chest wall, fourth intercostal space. A-l 3 is Lead II. The controls 
(not shown) had exhibited no significant segment displacement. The sensitivitv of 
the galvanometer, as in Fig. l, was adjusted to illustrate patterns, so that differences 
in amplitude are not comparable. The widened QRS complex in A-o suggests that a 
conduction tract to the posterior wall of the left ventricle was traumatized. 
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Pig. 4. — A-1 to A-S are control tracings made just prior to complete obstruction 
o£ the posterior descending branch of the left circumflex artery. In A-1 the explor- 
ing electrode was placed on the epicardial surface of the anterior wall of the left ven- 
tricle, in A-2 on the ape.x. in A-J on the lateral tvall, in A-.} on the posterior wall, 
in A-5 on the anterior wall of the right ventricle, in A-6 on the lateral wall, and in 
A-7 on the posterior wall. A-8 is Lead II. The artery was then obstructed. A-'J, 
A-10, A-11, and A-I3 were made witlx the exploring electrode in approximately the 
same positions as A-1, A-2, A-3, and A-.i, respectively. In A-IS, the exploring elec- 
trode was on the anterior xvall of the right ventricle near the base, and in A-li on 
the posterolateral wall of the right ventricle. A-IS was a pad lead ; a large, mois- 
tened, surgical sponge was placed over the anterior surface of the heart, and the 
exploring electrode was placed on the sponge over the left ventricle. A-Iff Is l.ead 
II. In A-n, the exploring electrode was moved slowly from what was regarded as 
me margin of the area of disturbance of arterial blood supply to presumably unin- 

(Continued on opposite page.) 
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recorded. Moving the electrode only a few millimeters toward the 
burned area caused an abrupt change from negative to positive displace- 
ment (Fig. 3, A-10) . 

The anterior epicardial surface of the left ventricle was seared in one 
animal. Positive RS-T segment displacement was recorded from the 
injured area, and negative displacement in leads from the posterior 
wall of the right ventricle (Pig. 3, B-1 and B-2). Tlie changes in vqii- 
tricular pattern obtained by placing an exploring electrode over a 
cauterized area are similar to those which follow the application of 
potassium chloride solution to an epicardial area, not only with respect 
to segment displacement, but the intrinsic deflection and the T wave, as 
well. 

V. The effect on six animals of complete occlusion of a coronary artery, 
either by clamp or ligation, was studied. The posterior descending por- 
tion of the circumflex branch of the left coronary artery was occluded 
in four instances, and the anterior descending branch of tlie left coro- 
nary artery in two. 

Occlusion of the posterior descending artery resulted in marked posi- 
tive RS-T segment displacement in leads from that portion of the pos- 
terior wall of the left ventricle which was deprived of its blood supply, 
as well as in Lead II. Leads from the lateral wall of the left ventricle, 
just peripheral to the area deprived of blood supply, as well as leads 
;■ from the anterior Avail of the left ventricle, showed negative RS-T seg- 
ment ^splacement in three of the four experiments (Fig. 4, A-1 to A-16, 
inclusive). It Avas possible in one of these experiments to demonstrate 
an abrupt change from positive to negatiA^e displacement by moving 
the electrode only a f cav millimeters from the area of ischemia to normal- 
appearing tissue on the lateral Avail of the left A-entricle (Fig. 4, A-17). 
In this same experiment, a pad lead taken from the anterior Avail of the 
left ventricle shoAved negatiA^e RS-T segment displacement, as did leads 
from the surface of both auricles (Fig. 4, A-18). Another of this group 
of experiments gave rise to negatm displacement in leads from the 
anterior and lateral Avails of the right ventricle, as Avell as from the 
anterior and lateral Avails of the left A’^entricle. 

Occlusion of the anterior descending branch of the left coronary ar- 
tery produced positive RS-T segment displacement in leads from the 
area; of ischemia on the anterior Avail of the left ventricle, and, in one 
instance, from a small portion of the anterior Avail of the right Amitricle 
bordering on the interventricular septum. Leads from the posterior Avail 
. of the left ventricle shoAved negatiA^e displacement (Fig. 4, C-1, C-2, and 
C-3), Avhereas Lead II failed to shoAv significant displacement in either 
direction. In no instance AA^as it possible to demonstrate significant dis- 
placement of the RS-T segment in either direction in leads from Avithin 
the left ventricular cavity (Fig. 4, B-1 and B-3). The Amitricular pat- 
terns obtained by placing an exploring electrode on the epicardial sur- 
face of a part of the heart muscle AAdiich Avas completely deprived of 
blood supply Avere much like those obtained after cauterization or the 
application of potassium chloride solution. HoAvever, at the margm of 
such a region the amplitude of the intrinsic deflection Avas relatively 
little decreased, even though pronounced positive RS-T segment dis- 
. placement might be present. 

VI. Partial occlusion of a coronary artery, produced b}" various 
methods, Avas the object of three types of experiments. 

A. In one animal, a small segment of the anterior descending branch 
of the left coronary artery Avas dissected free, and control tracings Avere 
taken. A slender metal rod Avas placed alongside the artery, and a liga- 
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An attempt was made to repeat the above experiment on two other 
dogs, using the anterior descending branch of the left coronary arterj-. 
In neither ease were we able to obtain negative displacement over the 
area partially deprived of blood supply during the time the artery was 
partially obstructed, although positive displacement was readily ob- 
tained. Under these circumstances, however, negative displacement 
could be recorded from adjacent areas. It could also be recorded from 
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the area x>artially or fully deprived of blood supply after release of 
pleasure on the ve.ssel, provided positive displacement had been present 
1 ^ pmaod of pre.ssure. When positive segment displacement was 
1 eeoi Ued 'yith an exploring eleeti-ode at an epieardial surface after par- 
of blood siipplj' to the underlying muscle, the intrinsic 
’ .• .^ / i’l'ojn near the margin of a region com- 

1 . ej)ined ot blood supply, was but little decreased in amplitude. 
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tiii'e was: drawn tight about both rod and artery and tied. The rod 
was then gently i)uUed from beneath the ligature, leaving partial com- 
pression of the artery. This procedure was repeated, using next a no. 
19" needle and finally a no, 24 needle in place of the rod. In all three 
instances the immediate effect was ES-T segment elevation in leads from 
the area' partially deprived of its blood supply, Immediately after re- 
moval of the ligature, negative ES-T segment displacement which was 
quite transitory, lasting only a minute or two, appeared in leads from 
the same area where previously ES-T segment elevation had been seen 
,(]?ig. 5, A-I and iL-.8). 

B. A modified Goldblatt clamp was placed about the anterior descend- 
ing branch of the left coronaiy artery of another animal, and control 
tracings were taken. Then graduaEy increasing pressure was applied 
to the artery. The primary change was always positive ES-T segment 
displacement in leads from the ischemic area, %vith negative ES-T seg- 
ment displacement in leads from the lateral waE peripheral to this area. 
After releasing the pressure on the arteiy, again an immediate, but 
transitory, negative ES-T segment displacement was seen in leads from 
the previously ischemie area. 

The clamp was applied to the circumflex branch of the left coronary 
artery in this same animal, and again the primary change was always 
positive ES-T segment displacement, this time over the posterior and 
lateral aspects of the left ventricle supplied by this arteiy, with nega- 
tive ES-T segment displacement on the anterolateral and anterior walls 
of the left ventricle and the anterior and lateral waUs of the right ven- 
tricle. Eemoval of the arterial compression was followed, as before, by 
transitory negative displacement in leads from the area where previously 
positive displacement had been recorded, 

0. A fine thread was passed beneath the anterior descending branch of 
the left coronary artery of a third dog. Progressively increasing trac- 
tion was applied to the artery by pulling the thread, thus gradually de- 
creasing its Imnen. The primary effect was negative ES-T segment dis- 
placement in leads from the area whose blood supply was impaired, i.e., 
the anterior wall of the left ventricle (Pig. 5, B-1 and B-2 ) . Increasing 
the traction further led to positive displacement in leads from the same 
area (Pig. 5, B-7), and, finally, release of traction altogether gave rise, 
after a short interval, to transitory negative displacement in leads from 
the previously ischemie area. During the period that negative displace- 
ment was recorded from the surface of the area partially deprived of 
blood supply, positive displacement was recorded nowhere over the sur- 
face of the left ventricle (Pig. 5, B-3 B-4, and B-5). However, over the 
anterolateral surface of the right ventricle at some distance from the 
area of interference with blood supply, slight positive displacement was 
recorded, although no more than was often noted in controls (Pig. 5, 
B-6). 


volved tissue. Note that tlie inti'insic deflection is preserved in A-lTj -whereas it is 
almost lost in A-Ji2. Positive RS-T segrment displacement cljanged gradually to nega- 
tive displacement as the electrode -was moved away from the area of involvement. 
Finally, an area was reached where there was no significant segment displacement. 
In A-IS the exploring electrode was placed on the left auricle. The ventricular QRS 
pattern at that position was of the endocardial type, but the significance of the nega- 
tive RS-T segment displacement is uncertain. 

B-1 was made with the exploring electrode on the anterior wall of the left ven- 
tricle after complete obstruction of the anterior descending bi'anch of the left coro- 
nary artery. Despite the positive displacement in that lead, no segment displacement 
was recorded in B-3, in which the needle electrode was placed in the left ventricular 
cavity. 

In the G series (another preparation), the anterior descending branch was also 
ligated. (7-1 was obtained with the exploring electrode on the anterior wall of the 
left ventricle, <7-3 at the apex, and G-S on the uninvolved posterior wall of the left 
ventricle. 
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less sustained than that which followed the application of potassium 
chloride deprivation of blood supply, or cauterization. 

In a ease of hj^Dertensive disease in which there was negative ES-T 
segment displacement in Lead II and chest leads CE3 to CEg, inclusive, 
an esophageal lead (exploring electrode paired with an electrode over, 
the spine of the right scapula), made with the exploring electrode below 
the auricular level, also exhibited negative ES-T segment displacement. 
However, Avhen the exploring electrode was moved to the anrieular level 




’7. — The A series was obtained from a patient with mitral stenosis, auricular 
pressure, and no demonstrable left ventricular enlargement. 
. .T, Uisitalis in a dose of 1% to 3 grains daily to keep the ventricular 

rate uniler control. A-1, A-Z, and A-3 are Leads I, II. and III, respectively, and 


rare under control. A-1, A-2, and A-3 are Leads I, II. and III, respectively, and 
the "i leads CRi, CRj, and CRs, respectively. A-7 was made with 

the electrode in the esophagus slightly below the auricular level, A-8 at 

of tlfp"emYr,eLn ? V sUghtly above the auricular level. The QRS pattern us 
in , 1 -s in A-9, positive RS-T segment displacement is present 

-t-3 and body surface leads, and the T wave is abnormally upright in 

hyjSrtrwh\'”'^ni-i?^ii'^^i.®*?®‘^ ^ patient with hypertension and left ventricular 

II. and III re.^iecHvnW^'^'). administered. B-1, B-2, and B-Z are Leads I. 
the exploil'n'' ’Jl^;ctrr,df?\v^r • CRa and CRs respectively. In B-S, 

the auricular level nmi m rf'i the esophagus below the auricular level, in 'R-?, at 
in__RSyT segment 'dUnlacemem Note^the change 
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VII. Miscellaneous observations. During tbe course of the experi- 
ments described above, it was noted that negative potential change dur- 
ing, the ES-T interval, produced over the surface of uninvolved muscle 
by involvement elsewhere, could be converted to positive change by the 
direct application of potassium chloride solution or by deprivation of 
the arterial blood supply to the underlying muscle (Fig. 6, B series). 

The application of fifth-molar lithium lactate solution or fifth-molar 
lithium citrate solution to an epicardial surface produced, at most, slight . 
positive RS-T potential change. One hundredth-molar potassium ehlo- 
lide solution, however, produced immediate positive displacement com- 
parable to that caused by the fifth-molar potassium chloride solution 
used in the experiments described above (Fig. 6, A-1 and A.-2). The 
application of fifth-molar calcium chloride solution to an epicardial sur- 
face produced positive change, but it was much less. in magnitude than 



Fig. 6. — A-1 is a control tracing made with an exploring electrode on the anterior 
surface of the left ventricle. A-iJ was obtained from the same area less than one 
minute after the application of one hundredth-molar potassium chloride solution. 

B-l is a controi from the same area after repeated washing with warm salt 
solution. B-2 shows the maximum change observed after the application of fifth- 
molar calcium chloride solution to this area. 

C-1 is a control tracing from the lateral wall of the left ventricle. 0-2 shows 
the maximum change obtained from the same region after the application of fifth- 
molar calcium chloride solution. 

In U-j the exploring electrode was placed on the posterior wall of the left ven- 
tricle after api lication ot a uilu e solution of epmepnrine lo that region. In D-3, 
which was made immediately after D-1, the exploring electrode was placed on the 
anterolateral wall of the left ventricle, which had not been exposed to epinephrine. 
D-3 was made from the same general area as D-2, after temporary obstruction of 
blood supply to that region. D-'i was made after release of obstruction. Note the 
differences in pattern produced by potassium chloride, calcium chloride, and epineph- 
, rine solutions, and the fact that secondary negative segment displacement obtained 
over uninvolved areas can be converted to positive displacement by obstruction of 
blood supply to that region. 


that produced by one hundredth-molar potassium chloride solution (Fig. 
6, B and C series) . The displacement in leads from such areas was sus- 
tained longer than that produced by ouabain, but not as long as that 
produced by potassium chloride. The intrinsic defieetion was but little 
affected. The magnitude of the inverted T wave of the control tracing 
was lessened, but its direction was not changed. Extremely dilute solu- 
tions of epinephrine produced positive displacement in leads over the 
area of application, and negative displacement elsewhere. The displace- 
ment, like that produced by applying calcium chloride solutions, was 
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excitation of the muscle fibers directly under that surface. All other 
changes in potential transmitted to the electrode during the QRS com- 
plex represent electrical activity elsewhere, and are therefore classed 
as extrinsic. Obviously, in all parts of the ventricles except the part 
activated first, the intrinsic deflection cannot be recorded apart from 
potential variation caused by extriusie electrical activity. Nevertheless, 
the intrinsic deflection is easily recognized, although it is subject to dis- 
tortion, depending upon the extrinsic effects which occur at the same 
time. This distortion of the intrinsic deflection, however, does not im- 
pair the usefulness of the concepts developed by Lewis regarding the 
QRS complex. It seems to us, on the basis of the observations reported 
above, that the concept of differentiation between intrinsic and extrinsic 
effects can be extended with advantage to the RS-T segment. The pos- 
sibility exists that it may also be useful in the case of the T wave. How- 
ever, in order to avoid confusion in nomenclature, we shall use the terms 
primary and secondary instead of intrinsic and extrinsic. By RS-T 
segment displacement of primary type we mean displacement resulting 
from abnoi’mal physicochemical disturbance in the muscle Abel’s di- 
rectly under the electrode. By displacement of secondary type, we mean 
the displacement that can be recorded over the surface of uninvolved 
muscle ; the potential change is induced at that surface by involvement 
elsewhere. 

The RS-T segment possesses advantages over the QRS complex and the 
T wave for the study of potential change of what we call primary and 
secondai’y type. In the first place, if suitable precautions are taken, 
RS-T segment displacement recorded over the suiiace of healthy heart 
muscle is so small in magnitude, compared with that which can be pro- 
duced by experimental procedures, that it can be disregarded. Sec- 
ond, the region in which RS-T segment displacement is produced ex- 
perimentally can be localized so accurately in certain types of experi- 
ments that, except at the margin of the area of involvement, one can be 
confident that he is dealing either with primary or secondary effects, and 
not with a mixture of both. 

In the experimental results reported above, the primary RS-T seg- 
ment potential change, with one possible exception, which will be dis- 
cussed below, was always positive, and the secondary change, wherever 
it occurred, was always negative. Thus, positive potential change pro- 
duced at the epicardial surface by local disturbance caused negative 
displacement in leads from the endocardial cavities; acute trauma to 
the endocardial side of the heai*t wall produced negative displacement 
from the uninvolved epicardial surfaces; positive potential change pro- 
duced by the application of certain chemical solutions or cautery to a 
part of the epicardial surface produced negative potential change at 
other uninvolved epicardial surfaces. Complete obstruction of blood 
supply to one part of the heart wall, producing positive RS-T segment 



235 


WOLFERTH ET AE. : DISPLACEMENT OF RS-T SEGMENT 

or to a position sliglitly above it, positive HS-T segment displacement 
was recorded (Fig. 7, ^ series). 

The electrocardiogram of a well-digitalized patient with mitral steno- 
sis and anrienlar fibrillation, bnt without hypertension or demonstrable 
left ventricular hypertrophy, showed negative ES-T segment, displace- 
ment in Lead II and the chest leads, but exhibited positive displace- 
ment in a lead made with the exploring electrode at the auricular level 
of the esophagus (Fig. 7, series). . 

... DISCUSSION 

One of the important unsolved problems of electrocardiography con- 
cerns itself with the physicochemical mechanism or mechanisms re- 
sponsible for ES-T segment displacement. The solution of this problem 
would probably constitute a significant advance toward a clearer un- 
derstanding of the bioelectric phenomena responsible for electrocardi- 
ographic deflections in general. The work of Osterhout-* with niteUa 
cells and his model of the potassium effect emphasize the importance 
of change in the permeability of the cell membrane, tlie migration of 
K'*’ ions to the outer surface of the cell membrane during excitation, 
and the presence of the ''E” substance as essential factors in the 
development of potential changes. Possibly similar phenomena are 
concerned in the excitation of heart muscle fibers, although the part 
that they may play in the development of the changes in potential which 
are responsilile for the electrocardiogram is not as yet Imown. 

. During the course of this study, although our interest was focused 
on the distribution of pathologic positive and negative ES-T segment 
displacement, the qualitative differences in ventricular patterns pro- 
duced by. some of the experimental procedures described above were so 
striking that they could scarcely escape notice. 

.. In the analysis of these patterns the behavior of the intrinsic deflec- 
tion and T wave, as well as the ES-T segment, requires consideration. 
However, one need only observe the differences in the characteristics 
of the segment displacement produced by the application of potassium, 
calcium and ouabain solutions to realize that the theoretical explana- 
tions offered in the past as to its nature are not adequate. One point, 
at least, seems clear : the ES-T segment cannot under all circumstances 
be merely the reflection of continuous current flow during diastole, as 
would be the case if it were due solely to incomplete repolarization. 
Its characteristics must be determined, at least to some extent, by what 
takes place or fails to fake place during systole. 

Electrocardiography owes a great debt to Lewis and his collaborators-’’ 
for the differentiation between the intrinsic deflection of the QES com- 
plex and the deflections of extrinsic origin. The intrmsie deflection, 
according to Lewis’ views, reflects the sharp fall in potential at the part 
of the surface of the heart in contact with an electrode at the onset of 
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primaiy positive potential from the surface over the lesion. The direc- 
tion of segment displacement may therefore be upward or downward, 
depending upon which effect dominates. 

If the exploring electrode is paired with one placed on a surface po- 
sition which has relatively slight potential variation, such as over the 
spine of the right scapula (or even the right arm), positive ES-T seg- 
ment displacement of magnitude sufficient to he abnormal in any pre- 
cordial lead means that a part of the myocardium just beneath the 
epieardial surface, presenting toward the electrode, is involved. Nega- 
tive displacement, on the other hand, signifies one of the following; 
(1) If the involvement extends to the ventricular epieardial surface, 
that part of the surface does not lie directly under the electrode, but 
might be situated anjwvhere outside the zone near the electrode, where 
involvement could dominate the direction of displacement. (2) In- 
volvement limited to the endocardial aspects of the w^aU produces nega- 
tive displacement, even when the site of injury imderlies the electrode 
directly. (3) Partial deprivation of blood supply in the region directly 
underlying the electrode can produce negative displacement, although, 
as stated above, this may be a secondary effect caused by the production 
of positive displacement on the endocardial side. 

In Lead II, or a lead in which the electrode on the leg is paired with 
one placed over the spine of the right scapula in order to minimize in- 
terference -with the potential variations of the left leg, abnormal posi- 
tive KS-T segment displacement indicates that the lesion involves a sub- 
epicardial region in close relationship with the diaphragm. Negative 
displacement, on the other hand, signifies (1) that the lesion involves 
some other part of the surface, (2) that the lesion is limited to the endo- 
cardial aspect of the wall not reaching the subepicardial region, or (3) 
that there is merely a partial deprivation of blood supply in some part 
of the heart. 

The direction of potential variation during the ES-T inteiwal in the 
esophagus w^ell below the auricular level is the .same as that of the left 
leg, and therefore adds no information of value regarding the segment. 
At the auricular level, however, the potential of the exploring electrode 
probably reflects the potential variations of the left ventricular cavity,-® 
so that positive segment displacement signifies involvement of the endo- 
cardial aspects of the left ventricular wall. Our inability to obtain dis- 
placement in leads from the left ventricular cavity after occlusion of 
coronary arteries was unexpected. We finally concluded that positive 
Ijotential change might have been counterbalanced by secondary nega- 
tive change at uninvolvod areas, so that the two tended to neutralize 
each other. 


The experiments reported above explain wiry ES-T segment displace- 
ment m acute lateral infarction has tlie characteristics described by 
\^oocl Wolferth, and Bellet,- in 1938. Negative ES-T segment deflec- 
tion IS recorded in precordial leads and in Lead II in lateral infarction 
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displacement in leads with the exploring electrode over the surface of 
such an area, caused widespread negative displacement in leads from 
uninvolved areas. 

As far as we are aware, it has not been demonstrated that negative 
RS-T segment potential changes can be produced at a cardiac surface 
by direct involvement of the fibers just under that surface. Whether 
the negative displacement observed once in this study after partial ob- 
struction of a vessel, or the negative displacement recorded during the 
recovery period following positive displacement, is a primary effect, and 
reflects involvement of the fibei*s under the electrode, or is a secondary 
or induced effect resulting from positive potential change in the deeper 
layers of the heart wall, was not ascertained in these experiments. The 
latter explanation, however, seems more likely. 

The results of these experiments, we believe, have a bearing on the 
interpretation of the patterns of RS-T segment displacement in human 
electrocardiograms. It appears safe to say that abnormal positive dis- 
placement in a chest lead reflects involvement of fibers at the epicardial 
surface, or near the surface underlying the exploring chest electrode. 
It is well known that there is a tremendous decrement in potential vari- 
ation between an epicardial surface and the overlying precordial sur- 
face, which introduces a quantitative difference between leads made 
with the exploring electrode on each of these surfaces. This, however, 
is not so important in interpretation as the qualitative difference in pat- 
terns caused by essential differences in the relationships of electrode to 
parts of the epicardial surface. In an epicardial lead, the pattern of 
potential variation of the exploring electrode almost certainly depends 
on the mean potential variation at each instant of that part of the sur- 
face in direct contact with the electrode. In the ease of the RS-T seg- 
ment, such variation may be primary or secondary, or a combination of 
both. If the change from one type to the other in adjacent areas is 
abrupt, such distribution should be demonstrable by exploration with an 
electrode which has a small area of contact with the epicardium. That 
this is the case is strikingly illustrated by the experiments in which the 
electrode was slowly moved across the margin of an area of involvement 
and the abrupt change from positive to negative displacement observed. 
Such sudden changes cannot be obtained by exploring positions equally 
near each other on the chest wall. The reason for this is that an elec- 
trode with a comparable area of contact on the chest wall must neces- 
sarily tap the potential variations of a much larger epicardial area; 
the influence of each unit area on the electrode doubtless depends on the 
properties of the electrical pathway between that area and the electrode. 
Thus, if an acute lesion involves the anterior surface of the left ven- 
tricle, an exploring electrode placed on the chest wall over the right 
ventricle will, in all probability, have transmitted to it secondary nega- 
tive potential derived from currents at the surface of that ventricle, and 
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privation of blood supply is primary or secondary in origin. We have 
long been puzzled by the fact that, during an attack of angina pectoris, 
the electrocardiogram usually shows negative ES-T segment displace- 
ment, and thus resembles the pattern of acute lateral infarction. It did 
not seem reasonable to suppose that angina pectoris is usually accom- 
panied by deprivation of blood supply to the lateral wall of the left 
ventricle alone. However, if the true explanation for the negative dis- 
placement obsei’ved during attacks of angina pectoris is anoxemia of the 
endocardial aspect of the wall, the electrocardiogram would exhibit 
negative displacement, irrespective of the artery or part of the heart af- 
fected. The negative displacement recorded in certain cases of shock, 
carbon monoxide poisoning, advanced coronary insufficiency without 
actual infarction, and even the hyperventilation syndrome could he 
easily accounted for by assuming selective involvement of the endo- 
cardial side of the heart wall. The evidence for this view, however, is 
not complete. Further .study of partial deprivation of blood supply 
may throw more light on the problem. The facility of occurrence of 
negative RS-T segment displacement clinically, under circumstances of 
presumed oxygen want, and the difficulty we have experienced in trying 
to produce it experimentally, with the exploring electrode directly over 
the area of involvement, by partial obstruction of an artery, are not as 
yet completely reconciled. 

It now seems likely that the negative RS-T segment displacement some- 
times recorded in precordial leads early in the course of an attack of 
acute coronary occlusion, which later develop the typical pattern of 
infarction of the anterior wall, with positive segment displacement in the 
same leads, reflects a state of partial deprivation of blood supply prior 
to complete occlusion. The same explanation may apply in the case of 
the reversal of the direction of segment displacement in Lead II in pos- 
terior infarction. 

The reason why the intrinsic deflection is sometimes relatively un- 
affected when positive segment potential change is produced at a cardiac 
surface, and is sometimes markedly diminished, so that what has been 
inelegantly called a “high take-off” is produced, was not clearly as- 
certained in the course of these experiments. In the experiments on 
obstruction of arterial blood supply, its magnitude seemed to be de- 
creased most when the obstruction was complete. It is therefore prob- 
able that, when the deflection in a chest lead which corresponds to the 
intrinsic deflection in an epicardial lead is markedly decreased in ampli- 
tude in comparison with its preintrinsic-like partner, the inference may 
be drawn that the obstruction is high grade or complete. This state- 
ment obviously applies only to the early stages of acute occlusion, before 
changes in the first part of the QRS complex make their appearance. 
The sign is of little value in Leads I and III because of interference 
effects, but, from observations on eases of acute posterior' infarction in 
the early stage.s, we believe that a marked decrease in the amplitude of 
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because the lesion is located in such a position that secondary negative 
displacement over the anterior surface of the heart and over the part 
of the heart in contact with the diaphragm governs the direction of 
segment displacement in those leads. If it were possible to place an 
electrode directly over the area of involvement, as can be done in ex- 
perimental animals, primary positive displacement would doubtless be 
recorded if the lesion extended close to the epieardial surface. If, how- 
ever, anoxemia also involves the anterior or diaphragmatic surface of 
the heart, this part of the lesion will dominate the direction of RS-T 
segment displacement in anterior chest leads and Lead II, respectively. 

In the paper on lateral infarction, the close resemblance between the 
patterns of displacement produced by that lesion and a digitalis effect 
was pointed out. The recent illuminating studies by Barnes and his 
colleagnes-' indicate that digitalis effects are exerted preponderant!}’’ 
on the endocardial side of the cardiac wall, and that changes produced 
by prolonged anoxemia are also located on the endocardial side.-^ Our 
experiments, as has been iDointed out, have indicated that endocardial 
lesions produce the secondary type (negative) of potential change at 
epieardial areas. Consequently, it is probably not possible to dis- 
tinguish, in body surface leads, the patterns of RS-T segment displace- 
ment which result from a lesion on the lateral wall of the left ventricle, 
even though it involves the epieardial surface, from one which involves 
the endocardial side of the ventricular wall, unless large conduction 
tracts become involved in the endocardial lesion. To what extent the 
direction of segment displacement obtained with an exploring electrode 
in the esophagus at the auricular level may help to clarify this situation 
%vill have to await further data. In the case of digitalis effect, the posi- 
tive displacement recorded from the appropriate levels in the esophagus 
is in harmony with Barnes’ observation that the digitalis effect is pri- 
marily on the endocardial side. Thus, the negative displacement re- 
corded in the body surface leads is presumably of the secondary, or 
induced, type. ‘/The results of bathing the epieardial surface with a 
solution of ouabain, after which the direction of RS-T segment displace- 
ment is the opposite of that which occurs after admmistration of digi- 
talis by mouth or parenterally, are also in accord with this concept.-^ 
In view of the fact that the relationships of positive and negative seg- 
ment displacement are the same in oases of h}q)ertension as with digitalis 
effect, it seems probable that the source of the disturbance responsible 
for segment displacement is on the endocardial side, and that the nega- 
tive displacement recorded hi body surface leads likewise reflects nega- 
tive displacement of secondary type at epieardial surfaces. 

In order to reach a more complete understanding of RS-T segment 
displacement, a far more extended study, of partial deprivation of blood 
supply’ than the exigencies of the times have permitted us to make is 
necessary. However, from the practical vieivpoint, it makes little dif- 
ference whether the negative displacement recorded after partial de- 
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receives a contribution from the abnormal electrical activity on the endo- 
cardial side. The complexity of the subject, however, is such that as 
yet little can be said about it. 

SUMM*1EY AND CONCLUSIONS 

1. ES-T segment displacement lecorded -with one electrode on a 
ventricular surface or in a ventricular cavity may be classified as pri- 
mary or secondary; this is analogous to Lewis’ classification of the de- 
flections of the QES complex as intrinsic and extrinsic. Primary dis- 
placement is defined as that which results from abnormal current flow 
originating in the muscle in close relationship uuth the exploring elec- 
trode, and secondaiy displacement as that which results from abnormal 
current flow originating in any other part or parts of the ventricles. 

2. The patterns of both primary and secondary displacement vary in 
certain respects, depending upon the agent used to produce the displace- 
ment. This is not in accord Avith the view tliat current flow during 
diastole is solely responsible for ES-T segment displacement recorded 
during systole, but suggests that, under certain cireiunstances at lea.st, 
systolic events play a part. 

3. The production of a positive ES-T segment potential change 
(primary type) at one part of the heart by such diverse means as 
dilute solutions of potassiimi chloride, ouabain, or epinephrine, cau- 
terization, trauma, or complete deprivation of blood supply is accom- 
panied by the oecuiTence of a negative potential change (secondary 
type) over uninvolved ventricular surfaces. 

a. The production of a positive ES-T segment potential change over 
the entire epicardial surface by solutions of potassium clfloride or oua- 
bain causes a corresponding negative potential change Avithin the ven- 
tricular caAuties. 

b. The production of positive ES-T segment potential change over 
the epicardial surface of the left ventricle causes negative change over 
the epicardial surface of the right ventricle. 

c. The injection of potassium chloride solution toAvard the endocardial 
side of the left ventricular Avail produces a negative ES-T segment 
potential change at the overlying epicardial surface, but injection just 
beneath that surface produces a positive change. 

d. Extensive trauma to the endocardial side of tlie myocardium pro- 
duces a negative ES-T segment potential change at ventricular epi- 
eardial sui'faces. 

e. Extensive cauterization of ventiaeular epicardial siuTaees produces 
a positiAm ES-T segment potential change over the area cauterized and 
a negatiAm change in other areas. In the one exception recorded, it is 
possible that an arteiy supplying a region bejmnd the area of cauteriza- 
tion had been destroyed. The reversal in direction of potential change 
at the margin of the area of injury may be abrupt. 
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the intrinsic-like deflection in Lead II, with “high take-off,” points to 
high-grade deprivation of arterial blood supply to the area involved. 

Although this study did not concern itself with the T wave, we wish 
to comment on the possible importance of intrinsic and extrinsic, or 
what, in the ease of the ES-T segment, we have called primary and sec- 
ondary, electrical effects on the form of that deflection, ‘^his problem is 
difficult to study because of the fact that the electrical activity re- 
sponsible for the T wave is present over all parts of both ventricles at 
approximately the same time.'^The importance of subepicardial abnor- 
mality in producing changes in the T-wave potential variation at the 
overlying surface, and consequently in significant body surface leads, 
is probably just as great as in the ease of KS-T segment displaeementi.^ 
So much is easily demonstrable by experiments such as those reported 
above. ‘^Moreover, it has long been known that T-wave changes may be 
conspicuous in' the course of acute pericarditis, in which, presumably, 
only the subepicardial muscle is involved. It would, however, be of 
interest to know how seeondaiy effects influence the form of the T wave.*^ 
Some information on this point can be obtained from a study of left 
bundle branch block, in which there is so much asynchronism of T-wave 
deflection of right and left ventricular origin that the summits of the 
two can be separated. Wolferth and Livezey plan to publish some of 
the observations on bundle branch block in a subsequent paper, but the 
following may be said at present: In left bundle branch block, the 
relatively early, right-ventricular T wave, as recorded in precordial 
leads with an electrode placed over the right ventricle, has always been 
upright, in our experience, and tends to be of decidedly greater ampli- 
tude than it is when no bundle branch block is present. Over the left 
ventricle, however, this part of the T wave is always slightly inverted, 
but the terminal portion of the T wave, which is presumably due to 
aberrant left ventricular activity, is always upright and of small ampli- 
tude. It would appear, therefore, that the large T wave recorded with 
an exploring electrode over the right ventricle in left bundle branch 
block is caused by the absence of any effect of secondary potential vari- 
ation derived from left ventricular activity on the epieardium of the 
right ventricle, which, under normal circumstances, tends to neutralize, 
at least to some extent, the primary effect produced locally. The slight 
inversion of the T wave recorded over the left ventricle, corresponding 
in time with the large upright T wave over the right ventricle, suggests 
that secondary right ventricular effects at the surface of the left ven- 
tricle are almost negligible. A fragment of evidence with possible bear- 
ing on this problem was obtained in the present study. In the normal, 
the T wave with an exploring electrode in the esophagus at the level 
of the auricle, or slightly above, is always negative.-® However, in 
Fig. 7, it is noted that the T waves obtained with the exploring electrode 
at those levels were distinctly positive. It is therefore possible that the 
deformity of the T wave at the epicardial surface caused by digitalis 
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of relatively slight potential variation, such as the spine of the right 
scapula or even the right arm, reflects the direction of potential change 
in the left endocardial cavity during that interval. In certain cases 
such a lead may furnish evidence of value as to the location, and pos- 
sibly also the nature, of myocardial involvement. 

/8. It is probable that the concept of primary and seeondaiy effects ap- 
plies to the formation of the T-wave potential change at any cardiac sur- 
face area in somewhat the same manner as in the ease of RS-T segment 
potential change, although, under these circumstances, primary and sec- 
ondary effects coexist. For this reason the demonstration of such rela- 
tionships, particularly from the quantitative viewpoint, is far more diffi- 
cult than in the case of the ES-T segment.'^ 
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f . Complete obstruction of a coronary artery produces a positive 
ES-T segment potential change at the epieardial surface deprived of its 
blood supply, and a negative change in other epieardial areas. The 
reversal in direction occurs at the margin of the area of involvement. 

g. Partial obstruction of a coronary arterj'- usually i)roduces either 
no significant potential change during the ES-T interval at the epi- 
eardial surface of the area supifiied by that artery, or a positive change, 
depending upon the grade of obstruction. Moreover, the amplitude of 
the intrinsic deflection of the QES complex is affected less by partial,, 
than by complete, obstruction. After cessation of partial obstruction, 
or even transient complete obstruction, the positive change is converted 
to negative, and this persists for a short period prior to disappearance 
of pathologic potential change. For the obsei-vation and recording of 
such events, continuous use of the eardioscope is almost indispensable. 

h. In one set of experiments only, of man}'’ attempts, using three dif- 
ferent methods of producing partial obstruction, was it possible to ob- 
tain a negative ES-T segment potential change at the epieardial surface 
partially deprived of blood supply, without preceding positive change. 
In this experiment a negative change was also recorded from adjacent 
areas. An increase in the grade of obstruction produced a positive 
change over the involved surface. 

4. The negative ES-T segment displacement recorded with an ex- 
ploring electrode over an epieardial region after cessation of obstruc- 
tion may be of secondary type because of selective involvement of the 
endocardial side of the myocardial wall. 

5. There is as yet no definite evidence that a negative ES-T segment 
potential change can be produced at a cardiac surface other than as a 
secondary affect caused by pathologic cimrents originating elsewhere in 
the myocardium. 

6. A positive or negative ES-T segment displacement recorded by 
placing an exploring electrode over an anterior or anterolateral epi- 
eardial area tends to be associated rvith a corresponding positive or 
negative ES-T segment displacement in a chest lead in rvhich the ex- 
ploring electrode is placed on the suiTace directly over that epieardial 
area. It is also highly probable that a positive or negative potential 
change at a part of the epieardial surface in contact with the diaphragm 
(during, the ES-T interval) is associated with a corresponding posi- 
tive or negative , displacement in Lead II. Judging from the relation- 
ships observed in the experunents described above, the patterns of 
ES-T segment displacement recorded in body surface leads can be ac- 
counted for in a much more satisfactory manner than was possible in the 
past. 

7. Although the matter requires much further study, there is already 
strong eMdence to indicate that the direction of ES-T segment displace- 
ment recorded with an exploring electrode in the esophagus at the au- 
ricular level, or slightly above it, paired with an electrode on an area 
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B radbury and Eggleston’^ described a syndrome which they desig- 
nated postural h^^Tpotension.” This syndrome consists of marhed 
weakness, dizziness, normal blood pressure in the sitting or reclining 
positions, marked fall in blood pressure in the upi’ight position, an 
insignificant elevation in the cardiac rate in the upright position, impair- 
ment of sweating, and accentuation of symptoms in hot weather. They 
thought that these sjTnptoms indicated a defect in the function of tlie 
sympathetie nervous sj’'stem. This concept has continued to dominate 
discussions concerning the etiology, as shovm by the report of Ellis and 
Haynes," who emphasized the relationship between orthostatic hypo- 
tension* and disease of the nervous system. Jeffers, Montgomeiy, and 
Burton,® Stead and Ebert, ^ Freeman and Robertson,® and Laufer® have 
confirmed these observations and interpretations, and have furthered 
the concept that the sjmdrome is due to inadequate vasomotor function. 
It has been demonstrated i-epeatedly, however, that this abnormality 
may occur in cases in which no disease of the nervous system can he 
discovered by clinical means. 

Although defects in the reflex sympathetic vasomotor control and 
increase in the cardiac rate in the upright position have been thought 
generally to be the most important faetoi-s in the pathogenesis of this 
abnormality, MacLean and xVUen" and MacLean, Allen, and Magath® 
have suggested and presented evidence that the fault lies in failure to 
maintain adequate retmm of venous blood to the heart. Hallock and 
Evans'-' have .sho^vn that there are a decrease in blood volume and hemo- 
concentration in this disease when the patient is in the upright posture, 
and they have suggested that abnormal filtration rates aggravate the 
circulatory einbaiTassment. Hallock and Evans have also observed, as 
have others, including myself, that tliis condition may be associated 
with orthostatic tachycardia. 

The treatment of orthostatic hjqrotension has consisted of various 
mechanical procedures, such as tight abdominal and leg binders, the 
'^head-up” sleeping position described by iMacLean and Allen, ^ the 
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readings were made during that period. Benzedrine and ephedrine were 
used for a few days, but it was necessary to discontinue them because of 
the resulting nervousness and^insomnia. 

Paredrine hydi-obromide by mouth was then tried, with considerable 
benefit for a -while. In time, however, she appeared to develop tolerance, 
which required increasing the dose and shortening the interval between 
doses. Finally she was convinced that it gave her no benefit. Paredrinol 
was given, but there was inadequate objective evidence of any improve- 
ment in one trial. Detailed data of our experience -with these two drugs 
are shown in Tables I and II. 


Ti^LE I 


Effect' OP Paredkine Hydkobkoiiide 




DOSE 1 
(MG.) 1 


BLOOD PRESSURE 

VERTIGO 

OR 

REMARKS 

DATE 1 

1 

DRUG 

TIME 

LYING [standing 

FAINTNESS 



3/ 9/43 Paredrine 40 7:00 a.m. 


hydrobro- 20 9:30 a.m. 
mide 20 12:30 p.m. 

1:30 P.M. 115/75 60/30(?) Slight 

faintness 

1:40 P.M. 115/75 55/40 Moderate 

faintness 


Paredrine 

hydrobro- 

mide 

80 

1:45 P.M. 
2:20 P.M. 
2:22 P.M. 
2:29 P.M. 
2:35 P.M. 
4:00 P.M. 
4:20 P.M. 

145/85 

110/75 

110/75 

120/80 

110/75 

110/75 


Walked to 
another 



5:00 P.M. 

135/120 

60/45 

Marked 

dizziness 

room 

Paredrine 

hydrobro- 

mide 

60 

40 

hr. be- 
fore 
arising 
q. 2 h. 




Able to be 
up better 

3/30/43 Paredrine 
hydrobro- 
mide 

40 

40 

40 

7:45 A.M. 
9:45 A.M. 
11:45 A.M. 
1:30 P.M. 

140/85 

65/50 


insom- 

nia 

Paredrine 

40 

1:45 P.M. 






hydrobro- 2:00 P.M. 135/85 70/50 

mide 2:30 p.m. 80/50 

2:35 P.M. 110/80 90/70 

(sitting) 

3:18 P.M. 90/65 

4/ 5/43 Paredrine 80 i::Ou p.m. " 

hydrobro- 4:45 P.M. 110/80 65/50 

mide 

Paredrine 80 4:40 p.m. — — itching a^ 

hydrobro- 5:25 p.m. 128/85 90/70 burning of 

5:. 35 p.m. 90/60 skin 


Neosyimphrin hydrochloride was used next. This drug produced the 
greatest benefit of any of the vasoconstrictors u.sed. It was impossible 
to continue to obtain the drug in sufficiently large doses (50 mg.), and 
it was discontinued because taking five to seven capsules of 10 mg. each 
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avoidance of . any , type of strenuous exertion on warm days, and the use 
of various vasoconstrictor drugs such as have been described by Jeffers, 
Montgomery, and Burton,^ Davis and Davis,^° Korns and Eandall,^^ 
Stead and Ebert, ^ and others. 

A patient who presented most of the classical manifestations of 
orthostatic hypotension has been studied. The effects of the ' ‘head-up 
sleeping position and of ephedrine, benzedrine, paredrine, paredrinol, 
neosynephrin, and epinephrine in oil have been observed. AVith the 
exceptions to be noted, the procedures and agents proved unsatisfactory. 

It was therefore decided to utilize the well-established capacity of 
desoxycorticosterone to increase blood volume as a method of maintain- 
ing an adequate blood pressure in the upright position. The benefits 
to the patient have been so marked that our observations mth this drug 
form the principal basis for this report. 

CASE REPORT 

A white woman, aged 48 years, complained of poor health since a 
pelvic operation eighteen years earlier, and said that her symptoms had 
been worse since a pregnancy eleven yeai’s earlier. Her principal symp- 
toms during all these j’-ears had been weakness, increasing dizziness, and 
a dry sldn. For three to four years she had fainted frequently upon 
assuming the upright position. This was particularly true upon arising 
and for the remainder of the early morning. Her life for eighteen 
months to two yeara before she was seen had been spent primarily in 
running in a crouched position from one chair to another to avoid 
extreme dizziness and fainting. In the sitting or recumbent position 
she was entirely free of the above complaints. 

A thorough physical examination was essentially negative, with 
exceptions to be noted. Subsequently, many attempts were made to dis- 
cover disease of the nervous system, but no abnormality was discovered. 
Hypersensitive carotid sinus reflexes of any of the three tjq)es were con- 
sidered and discarded because of inability to reproduce any of her 
s 3 Tnptoms by vigorous massage over both carotid sinuses. Addison's 
disease was ruled out because of lack of increased pigmentation, no crises 
during her years of complaint, and normal blood sugar, sodium, potas- 
sium, and chloride values. 

The blood pressure was 130/85 with the patient in the recumbent posi- 
tion, and when she assumed the upright position it fell to 80/50; it im- 
mediately returned to previous levels upon lying down. After a few 
minutes in the upright position the blood pressure fell to 50/?, and 
dizziness was marked. These observations were confiimed on numerous 
occasions. Not infrequently the systolic blood pressure would fall to 40 
mm. Hg, or lower, and she would faint. The cardiac rate sometimes rose 
to 100 or 110 beats per minute when the patient was in the upright posi- 
tion. 

A diagnosis of orthostatic hypotension was made, and attempts at 
therapy were begun along conventional lines. 

treat:ment 

The patient was required to sleep in the “head-up” position for a 
number of weeks, as recommended by MacLean and Allen, but she in- 
sisted that no benefit was derived. Unfortunately, no blood pressure 
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at intervals of one to two hours made the patient nauseated. Detailed 
observations are given in Table III. I consider that neos5mephriu hydra- 
ehloride was beneficial to this patient. It will be noted from the data in 
Table III that the effects were beginning to decrease markedly in one 
hour. The dose had to be repeated at no greater than two-hour intervals. 

Table V. Effect of Des02CYCORticostekon-e Acetate 


date 

UOSF • BLOOD PRESSURE 

(NO.) LYING ISTiVNDING 

2/14/44 

None 2:17 P.M. 120/90 50/? AVeak and 

faint 

DOCS^ 10 2:23 P.ii. Pelt much im- 

proved in 2 
lir. for rest of 
evening 

2/15/44" 

DOCS 10 142/100 1 55/? 

2/16/44 

DOCS 10 

3:37 P.M. 152/102 

3:38 P.M. 105/75 

3:40 P.M. 95/70 

3:52 P.M. 80/55 

DOCS 10 3:55 p.m. 

2/17/44 

Felt better 
than for years, 
walked across 
street and 
baek 

2:49 P.M. 150/105 90/00 

DOCS 5 3:07 P.M. NaCl 1 Gm. 

2/19/44 

2:15 P.M. 130/ 88 55/40 

DOCS 10 2:20 P.M. NaCl 2 Gin. 

2/20/44 

11:30 A.M. 150/100 110/75 Noted benefi- 

cial effects in 

1 hour 

DOCS 10 11:50 A.M. NaCl 2 Gm. 

2/21/44 

2:30 P.M. 160/105 120/80 AVent shopping 

(first time in 

2 years) 

DOCS 5 2:50 P.M. NaCl 5 Gm. 

2/22/44 

DOGS 3 150/ 90 82/60 NaCl 10 Gm. 

2/23/44 

DOCS 3 155/ 98 130/80 NaCl 10 Gm. 

2/24/44 

DOCS 5 154/100 130/84 NaCl 15 Gm. 

2/25/44 

DOCS 5 165/105 120/80 NaCl 15 Gm, 

2/26/44 

None 165/110 110/80 Severe 

headache 
.sitting or 

lying 

2/27/44 

166/110 110/82 NaCl 15 Gm. 

2/28/44 

110/80 NaCl 15 Gm. 

4/15/44 

DOCS 5 q. o to 7 125/80t 100/70 None NaCl 15 Gm. 

days 

4/20/44 

DOGS 5 1:40 p.m. 122/82t 

1:41 P.M, 90/66 

1:46 P.M. 80/64 Continued 

standing 

4/25/44 

DOCS 5 1:30 p.m. 142/100 1 ’ 

1=31 P.M. 90/70 NaCl 20 Gm. 

l:o7 P.M. 76/58 Continued 

standing 


•DOCS = desoxycorticosterone acetate. 
tSittins. 
























Table II 

Effect of Paredrinol and Paredrine 




DOSE 

(MG.) 

TIME 

(P.M.) 

1 

1 BLOOD PRESSURE 

DIZZINESS OR 
FAINTNESS 


date 

DRUG 

LYING 

STAND- 

ING 

REMARKS 

5/11/43 

None 



90/00 

45/? 
to 0 

■ ^ 

Fainted 


Paredrinol ■ (iO 1:45 

2:20 85/00 

2:55 100/70 

2:59 ?.5-4o/? sitting Paint 

Pared line 00 3:00 

3:55 100/70 

3:57 50/? 

5:20 140/90 75/55 


Table III 

Effect of Neosynephrin Hydrochloride 

DATE 

BI.OOD PRESSURE 

TX)SE ToiE ■ ■ ’ DIZZINESS OR 

(MG.) (P.M.) LYING FAINTNESS EE-MARKS 

6/29/43 

None 1:33 110/70 50/? Very dizzy 


Neosynepli- ■ 50 1:37 

rin. hydro- 2:55 140/92 100/70 No symptoms 

chloride 2:5.8 85/60 No symptoms Walked down 

hall 

3:00 90/60 

t 3:02 90/60 

■ 

Neosjmeph- 50 3:03 

rin hydro- 4:00 145/90 

chloride 4:01 110/80 

4:03 92/65 

4; 05 70/55. 

4:07 70/55 No symptoms Feels fine 

Unable to 
continue to 
get 50 mg. 
capsules 


Table IV 

Effect of Epinephrine in Oil 



1 

DOSE 

(C.C.) 

TIME 

(P.M.) 

1 BLOOD PRESSURE 



' DATE 

DRUG 

i 

LYING 

STAND- 

ING 

SYMPTOMS 

remarks 

10/1/43 

Epinephrine 

0.4 

1:58 



Dizzy 



in oil 

2:03 

105/70 

55/40 



I.M. 

2:51 

160/90 

100/60 




2:53 


80/55 





2:54 


80/55 





2:56 


70/50 


Walking 







around 



3:02 


105/70 


Walking 


■ 

3:07 


100/70 


Walking 



3:08 


100/68 


Standing 



4:50 


70/55 

No symptoms 



4:56 


65/45 

Eubbed arm 







2 min. 



4:58 



Palpitation 




5 :00 


120/80 




5:02 


120/80 


No symptom 







since origi- 
nal dose 
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chloride for about twelve hours, another 5 Gm. of sodium chloride were 
added, and the total of 20 Gm. Avere divided equally through the twenty- 
four hours. Since the institution of this regime of salt, slie feels mueli 
stronger in the mornings than had been the case previously. 

It has been demonstrated on frequent occasions, as can be seen from 
the data in Table V, that the administration of salt alone is inadeqiiate 
to maintain the blood pressure at normal levels in the upright position. 
This is significant in vieAV of the claims of IMacLean, Allen, and Magath* 
that added salt Avas of value in the management of orthostatic lijqio- 
tension. 

Subcutaneous implantation of pellets of desoxy corticosterone accord- 
ing to the method of Thorid- has been considered. The patient has 
hesitated because of the simplicity of the present management. 

SUJniARY AND CONCLUSIONS 

A case of orthostatic hypotension is reported, and detailed objective 
evidence of the vmlue of Amrious therapeutic agents is presented and 
bi’iefly discussed. 

Attention is called particularly to the therapeutic value of small doses 
of desoxycortieosterone acetate in oil by intramuscular injection, in 
conjunction Avith an increased oral intake of sodium chloride in ortho- 
static hypotension. 
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ADDENDUJI 

'nils patifiit ha.^ bten taking (k-.'-oxyeorticosterone for slightly more than- a year. 
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Table Y — Coxt'd 


BATE 


DRUG 


4/29/44 


DOCS 


5/ 4/44 
5/ 9/44 
5/13/44 


DOCS 

DOCS 

DOCS 


DOSE ] 

TIME 1 

I BLOOD PRESSURE j 

SYMPTOMS 

REAt.VRKS 

(.AIG. ) i 

1 LYIXG ISTAXDIXG | 

5 

3:30 1L.\I. 
3:31 P.jf. 
3:31 r.M. 
3:32 r..M. 
3:33 p.M. 

3:37 P.M. 

145/102 t 

154/1021 

105/84 

100/84 

94/70 


NaCl 20 Gm. 
NaCl 20 Gm. 
Stood up 

NaCl 20 Gm. 
Started Walk- 
ing- 

Continued 


walking 

_ NaCl 20 Gm. 

5 NaCl 20 Gm. 


5 4:22 P..M. 142/lOOt (5mm.) 

4:221 P.AI. 120/8S 

4:24'r.i[. 112/90 

4:27 P.Xf. 95/6S 


Stood up 
NaCl 20 Gm. 
Started walk- 
ing 

NaCl 20 Gm. 


No central nervous system symptoms ivere ever observed. It is un- 
fortunate that it Avas not eommereially available in dosage units adecpiate 
for the treatment of orthostatic hypotension. 

Epinephrine in oil proved to be of definite benefit to this patient, as 
sliown bj’’ the detailed observations in Table IV. The injection Avas 
given in the arm. The data shoAV that the effects began to decrease 
AAuthin one lioiu* after injection. Walking, hoAvever, increased the blood 
pressure of the patient in the upright position. It may also be noted 
that Augorous massage of the injection site produced further beneficial 
effect as long as thi-ee hours after the injection. 

Epinephrine in oil Aims continued for tAim months Avith benefit. It 
became necessary’' to discontinue it because of extreme tissue reactions 
at the site of injection. I believe from this limited experience that 
epinephrine in oil deserves further consideration in the treatment of 
orthostatic hypotension. 

The capacity* of desoxy*corticosterone to increase the blood Amlume Avas 
considered. It Avas thought that the blood volume could be safety raised 
by* this method far enough to preA’ent the fall of the blood pressure to 
levels Avhich Avould produce symiptoms. Our experience Avith this drug 
has been most gratifying. The patient has returned to all the usual 
activities of her life for the first time in many yeai*s. 

Desoxycoi’ticosterone acetate in oil Avas injected intramuscularly in 
conjunction Avith sodium chloride by mouth. In addition to its complete 
effectiveness, it has the further comparative advantage that it need be 
administered only every five to seven days, Avhereas the vasoconstrictor 
drugs must be taken every one to three hours daily*. The detailed data 
are presented in Table V. 

• The possible dangers of desoxyeorticosterone must be emphasized. 
These dangers have been reported repeatedty. It is essential that this 
very potent substance be employed AAdth rigid control of the blood pres- 
sure and Aveight. This is particularly essential Avhen desoxycortieo- 
sterone is employed in conjunction Avith added sodium chloride, as Ave 
have done, to reduce the dosage of desoxymortieosterone to a minimum. 

It Avdl be noted from the data in Table V that severe and persistent 
headaches occurred as a result of the elevated blood pressiue duriii" 
the period in aa^McIi the dosage level aaus being established. ° 

As a general rule, the patient felt much stronger in the afternoons. 
BelicA'ing this morning Aveakness might be due to failure to take sodium 
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reported as “positiv'e for hemosiderin crystals.” He was sent to San 
Francisco, and entered Stanford Hospital Oct. 16, 1942. 

Physical Examination —lU was a thin yoiing' man, with a slaty, gray, 
dirty, diffuse pigmentation of the skin, most prominent on the backs 
of the hands, on the face, and in the skin creases. Tliere was no obvi- 
ous pigmentation of the mucous membranes. The distribution of hair 
was feminine in type. Examination of the eyes, ears, nose, and throat 
shoAved nothing remarkable. A feAV moist rfiles could be heard in the 
right lung. The heart Avas enlarged to the left; the heartbeat Ava.s 
regular, Avith a rate of 44. In early diastole an extra sound, such as 
might be associated Avith aui'ieular systole, Avas heard. The sounds 
otherAvise Avere not remarkable. The ])lood pres.sure Avas 110/80. The 
abdomen Avas moderately distended, Avith signs of ascites._ The liver 
Avas firm and slightly tender, and extended beloAv the umbilicus. The 
spleen Avas not palpable. There Avere no oljAdous penile or testicular 
abnormalities. The legs and thighs Avere the seat of massive, soft, 
pitting edema. Neurological examination shoAved nothing remarkable. 

Lahoratonj Data. — The erythroejffe count Avas 3.63 million per cubic 
millimeter, Avith a hemoglobin content of 13.5 Gm. (75 per cent Sahli) ; 
the leucocyte count Avas 8,400 per cubic millimeter. The blood Wasser- 
mann and Hinton reactions Avere negative. The urine Avas noimal. The 
fasting blood sugar Avas 256 mg. per cent. The blood urea on entry Avas 
42 mg. per cent, and the plasma chlorides Avere 544 mg. per cent (as 
sodium chloride). The direct van den Bcrgh Avas negative: the indi- 
rect Avas 2.4 units, Avith an icterus index of 19. The serum proteins 
(Kagan falling drop method) Avere 5.7 grams. A bromsulfalein dye 
excretion test (2 mg. per kilogram) showed 10 per cent retention 
of tlie dye in the serum after thirty minutes. The A^enous pressure 
(five days after entry) Avas 18 cm. of saline solution as measured in 
the anteeubital fossa; the arm-to-tongue circulation time (Avith 20 per 
cent Decholin) was sixty seconds. The vital capacity Avas 3.3 liters. 

Roentgenologic examination of the abdomen and skull revealed no 
abnormalitio.s. A roentgenogram of the chest on Oct. 16, 1942, shoAved 
marked enlargement of the heart (Fig. 1). Electrocardiograms taken 
from Oct. 19, 1942, until Noae 3, 1942, shoAved complete auriculo- 
A'cntricular block, Avith Ioav voltage A^entricnlar complexes, abnormal T 
Avaves. and right axis deviation (Fig. 2). 

A skin biopsy shoAved marked deposition of iron around the SAveat 
glands. 


The diagnosis of hemochromato.sis AA'as made, although it Avas thought 
that this did not explain everything; the po.ssibility that the ascites 
and massive edema Avere secondai-y to cirrhosis of the liA’^er Avas enter- 
tained, but, because of the cardiac abnormalities, the likelihood of 
heart failure a\ as considered more ])robable. The hvpei’glycemia AA^as 
of the sort usually .seen in hemochromatosis, and will be dismissed 
here Avith the .statement tliat his diabetes Avas adequately controlled 
AAith a diet of 270 tiin. of earbohydi*ale, 90 Gm. of protein, 60 Gm. of 
lat, and 40 units of protamine zinc imsulin daily. 


Digitalis Aims administered Avith an initial dose of 0.6 Gm., then 0.4 
Gm. on the following day, 0.2 Gm. daily for the next six days, and 
0.1 Gm. daily* thereafter. lie Avas given 0,5 e.c of niereuoiirin, and 
1.5 c.c. two days later. was prompt and impressive diuresis, 

vitii a weight loss Irom 70.5 kilograms to 57.1 kilogi'ams in six days. 



Clinical Reports 


HEMOCHRO^MATOSIS WITH COMPLETE HEAET BLOCK 

With a Discussion of the Cardiac Complications 

Donald W. Petit, M.D.' 

San Francisco, Cauf. 

A lthough a Imge literature on Lenioeliromatosis lias acciimulated 
k. since Tronssean’s^ description little has been said in the American 
and English writings on the cardiac complications of this disease. Our 
interest in the subject was aroused by the following ease. 


CASE REPORT 

A. Me. (S.U.H. 216076), aged 35 years, entered the hospital Oct, 16, 
1942, complaining of fatigability, weakness, impotence, loss of libido, 
and pigmentation of the skin for the preceding two or three years. 
His past history was not remarkable; there was no story suggestive 
of rheumatic fever, syphilis, or chronic alcoholism. His present illness 
consisted of a group of signs and symptoms which he thought began 
after an attack of ‘‘flu” in February, 1940; after this he began to 
notice that he tired easily, that normal libido was absent, and that in 
the succeeding year his skin gradually became darker; he thought 
there had been some loss of hair from the arms and legs. By the sum- 
mer of 1941 he felt better except for impotence and fatigne. In No- 
vember, 1941, and again in January, 1942, he had two ten-day febrile 
periods, with fever to 105° F. The nature of these attacks was not 
clear. As a sequel to each, there was an increase in general weakness 
and malaise. In addition, he said that his heart rate fell from 60 to 
34 in January, 1942, and that it had never been faster thereafter. Both 
of the febrile illnesses Avere treated Avith sulfonamides. He made a 
partial recovery, but, in the siiriug of 1942, noticed that he Avas short 
of breath on exertion and that he had occasional precordial pains 
Avhieh Avere not made Avorse by exertion. In July, 1942, on a mountain 
trip (elevation 11,500 feet), he became acutely ill, AAUth severe dyspnea, 
marked Aveakness, and massive SAvelling of the legs and abdomen. 
Rest in bed and diuretics brought about a remission of symptoms. 
However, he felt weak CAmr after, and his Aveight declined from 170 
to 135 pounds. ’About three Aveeks prior to entry he noticed frequency 
of urination and excessive thirst; on Oct. 7, 1942, he Avas admitted to 
the Santa Monica Hospital “in diabetic coma AA'ith hAq)erglyeemia, 
glycosuria and ketonuria”; his diabetes Aims controlled fairly easily, 
and he Avas put. on a maintenance dose of 10 units of regular insulin, 
morning and evening. Examinations of the urine at that hospital Avere 
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Along, with this there was complete disappearance of the edema and 
ascites. The liAmr became much smaller, as did the heart (Fig. 3). 
The venous pressure fell to 5 cm. of saline soFdion, and, the arm-to- 
tongue circulation time to 21 seconds ; the arm-to-lung circulation time 
(done with ether) was 16 seconds. The direct van den Bergh was neg- 
ative; the indirect was 0.68 units; the icterus index was 6 (A^ov. 3, 
1942) . The electroeardibgraphic studies were interesting, in that, with 
the administration of digitalis, the auricular rate fell from 103 to 71, 
whereas the ventricular rate fell slightly, from 44 to 36. 



Fiff, 1. — ^Roentgenogram of the heart before treatment. 


The patient was dismissed on Nov. 7, 1942; he was in fair condition, 
was taking digitalis in a dose of 0.1 Gm. daily, and had no signs of 
heart failure.. In January, 1943, Avord Avas received that he had died. 
Dr. J. P. Sampson, his personal physician, and Dr. A. A. Fosky sent 
some pieces of tissue to the Department of Pathology for study. There 
Avere no gross abnormalities of the heart valves oj* coronary vessels. 
Examination of the sections shoAved, in general, the characteristic 
changes of hemochromatosis, Avith iron deposition in the heart, liver, 
adrenals, pancreas, and, to a less extent, in the kidneys and hmgs. 
Of special interest Avere the heart .specimens. These shoAved localized 
areas of atrophy in the myocardium. The muscle fibers contained 
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dark brown pigment granules, and special stains showed numerous 
fat droplets. There was considerable variation in the size of the indi- 
vidual fibers; some teimiinated in threadlike processes. There were 
numerous broad spaces between fibers, containing fibroblasts and 
pigment-filled macrophages (Fig. 4). It was the opinion of Dr. Cox 
and his associates in the Department of Pathology that these changes 
could be interpreted as evidence of injury to the heart. The sections 
did not contain the bundle of llis, so that the exact anatomic cause of 
the heart block is not known. 

In renewing the histories of about a dozen cases of hemochromatosis 
which have been seen at Stanford Hospital, none was similar to the 
one desci’ibed here. In cases with autopsy reports there was no men- 
tion of myocardial fibrosis, although the sections in some showed as 
much iron as did this patient’s heart. 

DISCUSSION 

This patient presented the usual features of hemochromatosis, plus 
heart failure udth complete aurieuloventrieular block. In a search for 
data on the cardiac complications of hemochromatosis, the standard 
English textbooks on heart disease were examined, but no pertinent 
reference was found. Sheldon,- in his thorough monograph, makes the 
statement that "several eases have died from heart failure,” but ha.s 
little further comment. Only four^'® adequate reports on heart failure 
and hemochromatosis could be found in the English literature, and, 
of these, only two^’ empha.size the heart failure. The first of these^ 
concerned a man, 54 years of age, and the second^ described three 
cases of hemochromatosis in which the heart was abnormal. These 
patients were men, aged 59, 43, and 21 years, respectively. The last 
ease was comparable to ours, for not only was heart failure present, 
but it was associated with complete aurieuloventrieular block, and at 
one time with auricular flutter. 

In contrast to the few English reports, there is a large Iheneh liter- 
ature on cardiac disorders in hemochromatosis.'^'^® The authors de- 
scribe fully some twenty eases of heart failure in young adults with 
"bronzed diabetes.” The most complete discussion is that of R. de 
Vericourt.^® It is the opinion of the French that there is a symptom 
complex, “syndrome endoerino-hepato-cardiaque, ” in which there are 
all of the common manife.stations of hemochromatosis, plus heart 
failure; this occurs almo.st exclusively in joimg adults. The French 
authors discuss this syndrome in great detail, and seem familiar with 
it as an entity. 

Counting the four cases in the English literature, twenty-five case 
reports were, reviewed. All but three of the patients were under 45 
years of age ; of the three, two were 54 years old and one was 59 years 
old. There were two case.s’’ ‘‘ in women, aged 34 and 18 years, re- 
spectively. Cardiac arrhythmias were not uncommon. There were 
two eases^' ^ with auricular fibrillation, one with auricular tachycardia' 
and, interestingly enough, two besides our own with complete auriculo- 



PETIT : HEMOCHROilATOSIS WITH COMPLETE HEART BLOCH 257 



Figr. 3. — Roentgenogram of the heart after treatment. 



Fig., 4. — Microscopic sections of the heart muscle, showing pigmented granules in the 
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ventricular bloek.'^’ .The remainder apparently had regular sinus 
rhytlun, although, in two,®* frequent jireinature beats ivere noted. 
In three eases®’ ‘‘low voltage” in the electrocardiogram was re- 
ported. Two patients®’ ® complained of severe, tearing, chest pain. 
Subsequent autopsy revealed no coronary artery disease or evidence 
of infarction in either case. The response to therapy could not be 
predicted , from a study of the eases. Some patients^^ failed to im- 
prove whereas others improved markedly, only to fail again shortly. 
One patienO® was followed for seven j’^ears. The average duration of 
life after the development of heart failure was about nine months. 
The cause of these cardiac complications is not known. The Pi’ench 
writers are convinced that they are not the result of local damage to 
the heart by iron. The}’’ emphasize the lack of fibrosis and absence 
of derangement of myocardial architecture in the cases they studied 
histologically. They attribute the heart failure to some generalized 
metabolic disorder whose nature is uncertain. On the other hand, 
Elumer and Nesbit® and dialing and Riley® demonstrated extensive fibro- 
sis in the heart muscle in their eases. Kerr and AlthauseiE apparently 
fee! that local damage to the heart is important, for they speculate upon 
the possibility that heart failure may be seen more frequently in hemo- 
chromatosis since the patients are enabled to live longer by the use of 
insulin. 

In our own case the heart muscle did show some signs of injury 
that could have played a part in the production of heart failure. The 
presence of auriculoAmntrieular block is evidence of local tissue dam- 
age. Unfortunately, there are no adequate series of cases of hemo- 
chromatosis with and -without heart failure which would enable one 
to correlate clinical data \vith anatomic observations. Sheldon® and 
Butt and AYilder®® describe heavy iron pigmentation of the heart mus- 
cle, but there is no mention of fibrosis or scarring. 

CONCLUSIONS 

A ease of hemochromatosis vdth heart failure and complete heart 
block is described. 

The importance of the cardiac complications, which are emphasized 
in the French literature, has not been sufficiently stressed in the Eng- 
lish writings on hemochromatosis. 

The mechanism of the production of cardiac failure and disturb- 
ances of rhythm in hemochromatosis is discussed. 
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of digitalis, his symptoms worsened progressively until he was admitted 
to the hospital in a critical condition. As far as could be ascertained, 
digitalis had been stopped on Oct. 18, 1942. 

Physical examination revealed an orthopneic, cyanotic, grossly edem- 
atous man, seriously ill. The tongue was dry. The neck veins were 
distended and pulsated irregularly. Numerous rales were present 
throughout both lungs. The heart ivas markedly enlarged; the apex 
beat was diffuse. Auricular fibrillation was present; the apical rate 
was 120, and the radial, 86. No murmurs were heard, but occasional 
accentuation of the muffled heart tones aroused the suspicion that ectopic 
beats were present. The blood pressure was 145-150/110-120. The ab- 
domen was distended, and the edge of the liver was firm, tender, and 2 
inches below the costal margin. Although no free fluid was demon- 
strated in the abdomen, there was marked edema of the abdominal wall, 
extremities, and scrotum. His weight Avas 210 poimds. 



A B C j) 


Fig. 1. — .-I shows the extremity leads in 1936 ; B shows four leads upon admission 
to hospital Nov. 20. 19-12 : C shows elcctrocai-diograpliie appearance at the height of 
the bidirectional p-aroxysmal ventricular taclxycardia ; D .sliows tlie electrocardiogram 
in Juno, 1913. 


The electrocardiogram (hhg. 1, P) showed auricular fibrillation witli 
a ventricular rate of approximately 130, ectopic ventricular systoles, 
left axis deviation, low voltage of tiie QRS complexes, and flattening 
of the T waves such as occurs with serious myocardial damage. The 
teleoroentgenogram (Fig. 2, A) shoived the following measurements: 
II R® == 7.5 cm., II Lf ~ 14.6 cm., and transverse diameter of chest, 30.6 
centimeters. According to the IJngerleider and Clark'’ method, the 
theox'etical value for the total diameter should not exceed 123 milli- 
meters. 


K = midline to riglit border 
tM L = midline to left border. 


BIDIEECTIONAL PAEOXYSjMAL TACHYCAEDIA: TOXICITY 
OP DIPFEEENT CAEDIAO GLYCOSIDES 

L. Braun, M.D., and P. H. Woska,’^" M.D., Ph.D. 

Chicago, III. 

introduction 

P AEOXYSjJklAL ventricular tachycardia is rare,^’ - and the bidirec- 
tional variety is even rarer.^* ^ We have obtained records of the be- 
giunings and endings of a number of long paroxj^sms. Since only a frac- 
tion of the published curves register these onsets and terminations, ive 
feel justified in reporting this ease, even though numerous controversial 
points concerned with the origin and mechanism remain unsolved. Clin- 
ically, the solution of these points can be approached only by analysis 
of the electrocardiographic pattern of a large number of tracings, in- 
cluding the onsets and terminations. 

, The role of digitalis in the causation of paroxysmal ventricular tachy- 
cai’dia is well knoivn. In our ease we demonstrated an apparently se- 
lective toxic sensitivity to Digitalis purpiirea which was in marked con- 
trast to the beneficial effect of strophanthin in controlling failure; the 
patient tolerated Digitalis lanata, which has maintained compensation. 

This case is also interesting because of the length of life (twenty- 
seven months) after the attack, in view of the serious prognosis, if not 
terminal condition, that these paroxj^sms usually portend. 

CASE REPORT 

C. S., a 68-year-old construction engineer, was admitted to the Illinois 
Alasonic Hospital Nov. 20, 1942. The family history revealed serious 
cardiorenal vascular disease on both sides ; the patient was the only sur- 
vivor. TTis past history revealed long and hard years of work. In 1935 
(at the age of 61 years) he had an attack of pain in the chest radiating 
into the shoulders. After two weeks in bed he returned to work and 
remained under medical supervision, receiving varying and unknown 
amounts of digitalis. In 1936 an electrocardiogTam showed auricular 
fibrillation and evidence of severe myocardial damage (Pig. 1, A). In 
1941 (at the age of 67 years), he had what was possibly a pulmonary 
embolus after a hemorrhoidectomy. This delayed his convalescence 
ten days. In May, 1942, he had several boils which were treated sur- 
gically and successfully. However, by June he was short of breath, he 
started to cough, and he noted swelling of the ankles. In spite of 
numerous variations in the dosage, type, and mode of administration 

Read by title at the Sixteenth Annual Meeting of the Central Society for Clinical 
Research, Chicago, Nov. 5, 1943. 
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ologieally (Fig. 2, B), there was a decrease in the pulmonary conges- 
tion and in the size of the heart shadow. The measurements were: MR 
== 4.9 cm., ML — 12 cm., and total diameter of the chest, 31.4 centi- 
metei’s. He was discharged from the hospital in a greatly improved 
condition on Feb. 14, 1943, seventy-six days after admission. 

At home the Digitalis lanata was reduced to 1 eat unit every second 
or thii’d day, and the quinidine discontinued. The patient continued to 
gain in strength. In June the Digitalis lanata was stopped, and, al- 
though his weight did not change, the apical rate increased almost 20 
beats per minute. Therefore, the small doses were resumed. The 
electrocardiogram (Fig. 1, D) showed a continuation of the low voltage 
and evidence of myocardial damage. Only occasional ectopic beats were 
noted. 

The patient is up and about. Occasionally, he has even returned to 
business. During the entire period he has been maintained upon a 
modified acid-ash, low-sodium diet, with 6 to 9 Gm. of ammonium chlo- 
ride daily. At no time during his illness did numerous blood chemical 
values deviate from the normal. 


COMMENT 

This patient was both interesting and instructive. It would seem that 
he had myocardial infax’ction in 1935, and that this caused the auricular 
fibrillation. The electrocardiogram in 1936 (Pig. 1, A) substantiates 
this diagnosis. He Avas symptomless, however’, until the series of 
furuncles developed in 1942, after which cardiac decompensation ap- 
peared. It is not known whether there were attacks of ventricular tachy- 
cardia previous to his hospitalization. Failure, however, increased, and 
digitalis must have been suspected as a cause because the drug had been 
discontinued. 

After admission, the increasing degree of congestive failure Avhile he 
Avas in bed, the auricular fibrillation Avith rapid ventricular rate, and 
assurance from the family physician and the patient’s OAvn records that 
no digitalis had been received for five Aveeljs prompted the administration 
of digitalis. We Avere not in possession of the 1936 electroeardiogi’am 
at the time, and Ave felt that the auricular fibrillation Avas a recent de- 
velopment, coinciding AAuth the decompensation. Digitalis put’pw’ea ad- 
ministration led to attaelts of ventricular tachycardia Avhich ceased Avhen 
tlie drug Avas discontinued, and reappeared rrpon resumption of the 
drug. Quinidine Avas then given, despite the apparently diffuse, serious 
myocardial lesion, and Avithout much hope of either establishing normal 
rhythm or having much effect upon the ventricular contractions.® The 
ventricular rate remained rapid, and there Avas no effect upon the num- 
ber of ectopic beats, the Cheyne-Stokes breathing, or the edema. 

Uuequi\’ocally, aU of the indications for digitalization remained the 
same. Oettel,’ investigating the so-called “paradoxical action” of the 
digitalis glycosides (increase in the sinus rate and appearance of ectopic 
beats), irointed out the lesser toxicity of the strophanthin series. In 
this respect, the lanata glycosides haA'e been considered superior to the 
purpurea glycosides.® Accordingly, Ave administered strophanthin in 
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The patient’s weight while he was at rest in bed increased 10 pounds 
in two days. Since he had received no digitalis for thirty-five days, he 
was given 12 cat units of Digitalis purpurea on November 22, 4 cat' units 
on November 23, and 6 eat units on November 24, all in divided doses, 
^Yhen the first paroxysm of alternating ventricular tachycardia was dis- 
covered (Fig. 1, G) and the digitalis was stopped. These attacks sub- 
sided within two. days, but the edema increased and Cheyne-Stokes 
breathing became more marked, with apneic periods lasting almost sixty 
seconds. The patient’s condition was considered hopeless. Oxygen w'as 
administered constantly. Mereupurin in % c.c. or % e.e. doses was 
given almost daily with unpredictable effect. Because of the patient’s 
poor condition and continued auricular fibrillation, it was decided to ad-, 
minister digitalis in smaller doses in an attempt to slow the rapid ven- 
tricular rate. Accordingly, 1 cat unit was given at approximately 
twelve-hour intervals from November 29 until December 5, when at- 
tacks of paroxysmal tachycardia similar in type to that shown in Pig. 1, 
C, recurred. 



A. B. 


Fig. 2.— Shows the teleoroentgenogram taken; A, upon admission, and B, upon dis- 
charge. 

Quinidine sulfate was started (3 grains) on December 11. This dose 
was increased to 9 grains on December 12, 12 grains on December 13, 
and 18 grains on December 14 rvithout appreciable improvement. On 
December 15, this dosage Avas reduced to 9 grains daily, and 0.125 mg. 
of strophanthin was administered intravenously. Prom December 16 
to December 23, strophanthin tvas given in a dose of 0.25 to 0.50 mg. 
daily. At this time the patient developed an upper respiratory infection 
(pulmonic infarction?), and his temperature was elevated. In spite of 
this, he improved, as was shoAvn by a slowing of the ventricular rate and 
a diminution in the pulse deficit. At tliis time he was receiving 6 grains 
of quinidine and 0.125 mg. of strophanthin, at first daily and then in- 
termittentljq and occasional % c.c. doses of mereupurin; this completed 
the dehydration process. On January 12, the patient weighed 148 
pounds, i.e., he had lost 72 pounds. On January 18, Digitalis lanata 
(1 cat unit daily), was substituted for the strophanthin. Eoentgen- 
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(Fig. 1, B, Lead I). Wlietlicr this difference is due to a digitalis effect 
cannot be stated with certainty. The rate is slower and the possibility 
of a fusion beat has to be con.sidered. In Fig. 3, B, the paroxysm begins 
with a premature beat, the coupling time and contour of which are 
similar to the one in Fig. 3, -4.. The main deflection of the second complex 
is directed downward. The next five complexes show irregularities in 
shape, direction, and rate. These variations may be due to (a) origin of 
the stimulus in the ventricles from multiple foci; (b) origin from one 
focus with aberrant pathway's; or (c) fusion ( interference) phenom- 
ena. After the first seven complexes, the regular bidirectional tachy- 
cardia evolves, as is shown in Fig. 1, C. It is to be noted that there is a 
definite difference between the shape of the upwardly directed complexes 
at the onset and in the middle of the paroxysm. In C, the end of a 
paroxysm is shown. The rate slows gradually, just as it increased speed 
gradually after the onset. After the first complex shown, irregularities 
appear, i.e., two consecutive upwardly directed complexes are present, in 
this instance partly obscured by the standardization. The eighth complex 
comes “prematurely,” is aberrant, and is followed by a “compensatory 
pause” (the distance between the seventh and ninth complexes, measured 
from the point where the trace leaves the base line, is very close to the 
distance between the fifth and seventh) before the next upwardly di- 
rected deflection occurs. This pause is followed by a blunted complex 
which is followed by a still longer pause, roughly ecpial in time to that 
noted in Fig. 3, G and •/. A bizarre, widened complex (number 11) 
may represent a fusion beat. After a definite supraventricular com- 
plex, a pair of alternating extrasysloles oceui's, the first of which is up- 
right, after which the mechanism returns temporarily to auricular 
fibrillation. 

In Lead II of Fig. 3, a single premature ventricular systole is shown 
in D, and a similar complex is seen in E, followed closely by another 
premature beat of a different configuration ; these ai’o the same two 
forms that appear to initiate the paroxy.sm in F. The coupling. time of 
this extrasj'stole is different in D, E, and F. In F, the tliird complex 
is broadened, is distinctly downward, and is similar in form to that noted 
at the height of the paroxysm. After two alternating complexes the 
form changes abruptly and completely to unidirectional tachycardia 
with a rate of approximately 150 per minute. Near the end of this 
paroxysm (not shovm in Fig. 3) the rate gradually slowed, the shape 
gradually returned to that of the third and fifth complex, and the 
paroxysm ended with a somewhat premature contraction, suggesting 
interference, after which the supraventricular rhythm was restored. 
This miidircetioual variation was unusual, and was recorded upon one 


occasion only. The typical alternating complexes in Lead II may be 
seen in Fig. 1, C. In Fig. 3, G, a slight slowing of the taeiiycardia may 
he observed, and two downwardly directed complexes occur which herald 
the end without further irregularities. 
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doses increasing from Yq to % mg. dailj''; this was well tolerated, and 
mprovenient was steady and gratifying. We are unable to say that a 
beneficial synergism existed between the quinidine and strophanthin, 
although we realize the possibility. When the patient had improved 
siifficientljq Digitalis lanata was administered with gratifjdng results. 
This was done to avoid continuous intravenous therapy. 

Throughout the entire period of observation, we were impressed by 
the lack, of relationship between the amount of mercurial dnu’etie given 
and the subsequent urinary output. Small doses, of e.c., and even 
less, are safer and are superior*’ to large doses. The total urinary out- 
put after eight % c.e. doses, given upon alternate days, invariably ex- 
ceeds the response obtained from 2 e.c. given in one dose.^° The im- 
portant feature is the state of the circulation, which was stressed by 
earlier writers upon the subject. In our ease ammonium chloride was 
given throughout the entire hospitalization in doses of 6 to 9 Gm. daily.*’*’- 
During the fii’st period of digitalization a fair but unreliable diuretic 
effect of the mercurial was observed, quite independent of the amount 
injected and mth noticeable ineffectiveness during the periods of the 
paroxj^'sms. The diuretic effect was poor when the mercurial was given 
with quinidine. Simultaneous or previous administration of amino- 
phyllin by mouth or intravenously was without effect.*’- During the 
time of the firat doses of strophanthin, the effect was poor; it was ade- 
quate and reliable, depending on whether an improved circulation was 
maintained by strophanthin or Digitalis lanata. 

Ventricular tachycardia is a serious disturbance, and the bidirec- 
tional type is considered to be fatal.*’^ The prognosis varies with the 
seriousness of the imderlying cardiac lesions. In spite of the enlarge- 
ment and dilation of the heart, possible pericardial effusion, myocardial 
infarction, coronary sclerosis, hypertension, and auricular fibrillation, 
this patient may still be in Class III aceordmg to the Criteria Committee 
of the New York Heart Association,** twenty-seven months after the 
attacks of tachycardia. 

. The electrocardiographic appearance of the paroxysm at the height 
of the attack is shown in Fig. 1, C, during which regularly alternating- 
complexes may be observed. The rate approximated 160 per minute. 

Fig, 3 shows the electrocardiographic appearance between the parox- 
ysms {A, D, E, H, and K), the onsets of the paroxysms in foui‘ leads 
(B, E, I, and L), and the endings in the extremity leads (0, G, and J). 

The auricles are fibrillating, and, in Lead I, the ventricular rate (Pig. 

- 3, A) is, about 100 per minute, which is slower than was noted upon ad- 
mission (Pig. 1, B). The QRS complexes are of low voltage and the T 
waves are practically isoelectric. This supraventricular mechanism is 
interrupted by an ectopic systole of right ventricular origiUj the coupling 
time of wliieh cannot be measured exactly. This ectopic beat is similar 
to, but is not. exactly the same as, the one observed upon admission 
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In Lead HI (Fig. 3, H) a downwardly directed premature systole is 
sho^vn. This is similar in contour to the extrasystole noted in Lead III 
(Fig. 1, B), taken upon admission, the fifth complex in I, aud tk 
downwardly directed complex during the height of the paroxysm. In 
I, the first deflection is an extrasystole similar to the one which initiates 
the paroxysm. In this onset no such major irregularities occur as were 
noted in B and F, although, ui other strips, these were noted frequently. 
Toward the end ( J) the rate slows slightly, and again a pair of inveiied 
complexes appears. The final complex is deformed somewhat by a move- 
ment of the string. 

Lead TV (Fig. 3, K) shows a pair of alternating and a single pre- 
mature Yentricular contraction. The upwardly directed complex is 
quite similar to the one recorded upon admission (Fig. 1, B), the one 
preceding the paroxysm (L), and the upwardly directed complexes dur- 
ing the height of the paroxysm (Fig. 1, C). In L two upright complexes 
occur, after which the bidirectional tachycardia is established with grad- 
ually increasing rate. The inverted complexes are seen to change shape 
gradually during the first few beats. The termination of this paroxysm 
was not recorded. 

Briefly, the foUo'wing points may be made after study of the electro- 
cardiograms : 

1. The most often encountered premature ventricular systole was of 
the right ventricular type, originating below the bifurcation. This 
extrasystole was similar to the one originating the tachycardia, yet it 
was not identical to the complex present during the height of the 
paroxysm. 

2. This premature beat appeared alone, or was followed either by an 
alternating complex (Fig. 3, C and E) or another abeimant (fusion?) 
form (Fig. 3, I). 

3. The coupling time of this premature complex 'with the preceding 
supraventricular complex was variable, which makes a re-entry theorj' 
difficult to defend. 

4. The longest coupling time Avas longer than the shortest distance 
between Uvo supraventricular complexes. Thus, an aberrant pathway 
alone could not account for the shape of the extrasystole if it originated 
above the bifurcation. 

5. In spite of the difficulty in measuring the prematui’ity of these con- 
tractions because of the underlying auricular fibrillation, the pause that 
followed these ectopic beats v^as longer than the usual distance between 
two supraventricular contractions, and appears “compensatory.” 

6. There Avas a striking regularity'- of the alternating complexes in 
the middle of the paroxysms; there Avas a definite irregularity at tlic 
onset and termination, consisting of irregularities of rate, alternation, 
and contour. 
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7. The ends of the paroxysms showed no definite pattern except a 
gradual slowing of the rate and a rather long ‘^compensatory” pause be- 
fore the supraventricular complexes reappeared. 

8. Impairment of conduction might explain minor variations in the 
size and shape of the complexes, hut it is hard to explain the regular 
alternation of complexes at the height of the paroxysm sunply upon tliis 
basis. Impairment of conduction should be accompanied by more vari- 
ations in the configuration of the complexes.^® 

9. A simple or modified figure-of-eight circus wave, besides lacking 
experimental evidence and an anatomic basis, should be extinguished by 
the premature beat in Fig. ,3, G, yet the upward complex appeared 
again. 

10. Measurements of the distance betAveen cycles was very unreliable, 
even in parts of the curve that were technically perfect. Irregularities 
of rate could not be demonstrated by measurement during the height of 
the paroxysm. 

11. In vieiv of these observations, it would seem that numerous ectopic 
foci in the ventricular myocardium below the btEureation produced the 
bidirectional ventricular tachycardia, either by a fusion phenomenon or 
by; the domination, eventually, of two centers of similar rates during 
the height of the paroxysm. 

SUMMARY 

A ease is reported in ivhich a series of attacks of bidirectional ven- 
tricular tachycardia followed, upon two occasions, the use of Digitalis 
purpurea. Strophanthin and Digitalis lanata produced no such toxic 
effects. 

Study of the electrocardiograms in this case does not substantiate the 
currently favored theories of the origin of this disturbance. The as- 
sumption that multiple ectopic foci are present in the damaged myo- 
cardium and are responsible for this alternating paroxysmal ventricular 
tachycardia cannot be avoided. The height of the paroxA-sm may be the 
result of interference phenomena, or of the predominance of two centers 
of the same order over the other ectopic foci, e-vidence for Avhich may 
be seen at the beginnings and endings of the paroxysms. Such a theory 
has the advantage of explaining the different forms of parox^'^smal 
tachycardia. 
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Preeordial trauma produces various electrocardiographic alterations and is not 
related to the localization or the intensity of the anatomic damage. Sometimes it is 
possible to find electrocardiographic alterations and no apparent anatomic damage 
which might be attributed to a phenomenon of cellular commotion. 

The results of this experimental study demand further investigation in the cardiac 
aspects of our patient of preeordial trauma. They also suggest a careful investiga- 
tion into the traiunatie background of some cardiac patients whose etiological fac- 
tors remain imknown. 

Authors. 

Moses, 0., and Perderber, M. B.: The Oscillometer and Thermocouple as Diagnos- 
tic Aids in Peripheral Vascular Disease. J. Lab. & Clin. Med. 29: 1147, 1944, 

Observations relative to the periplieral circulation were made on one hundred 
two individuals. This group included forty-eight normal subjects, eight asymp- 
tomatic, six with thromboangiitis obliterans, and twenty-eight with arteriosclerosis. 
Observations as to history, symptoms, physical signs, oscillometric readings, skin 
temperatures, blood flow, and vibratory sensation were noted, and the results tabu- 
lated. 

The techniques used in obtaining the data are briefly described. 

While in arteriosclerosis of the lower extremity, symptoms referable to the calf 
were most common, pain was noted almost as frequently in the ankle, arch, dorsum, 
or toes. Numbness, tingling, burning, aching, and rest pain were symptoms noted 
almost as frequently as intermittent claudication in arteriosclerotic vascular disease. 
A feeling of local fatigue was often the first sign of vascular disease. 

Arteriosclerotic rest pain was often relieved by moderate exercise. Tlie pain 
of thromboangiitis obliterans was not relieved by exercise, in any of our patients. 

Normal distribution of the hair over the lower extremity was noted in only 25 
per cent of the patients with vascular disease. 

Eubor, cyanosis, or pallor of an extremity may be present in the absence of ar- 
terial vascular disease. 

The absence of the dorsalis pedis or posterior tibial pulsation was not pathog- 
nomonic of vascular disease, and the presence of a pulsation did not exclude vascu- 
lar pathology. 

The oscillometric readings were not necessarily found to be decreased in ar- 
teriosclerotic peripheral vascular disease; normal individuals with heavy muscu- 
lature may have diminished oscillometric readings. 

Normal skin temperatures may obtain in individuals with vascular disease. 

Estimation of the blood flow by Stewart’s calorimetric method indicated that 
the blood flow in patients with vascular disease averaged about two-thirds of that 
in normal subjects. 

Estimation of the vibratoiy sense by the method of Barach yields confirmatory 
evidence of deficient circulation but is of little early diagnostic value. 

The arteriolovenous anastomoses are suggested as one mechanism partially ex- 
plaining the variations in skin temperature that occur in normal individuals and 
those %vith peripheral vascular disease. 

Authors. 

Paley, S. S., and Krell, S.: Petal Electrocardiography and Stethography. Am. 

J. Obst. & Gyncc. 48 : 489, 1944. 

An attempt was made to record fetal electrocardiograms and stethograms iu 
twenty-one gravid women of varying periods of gestation. Positive fetal electro- 
cardiograms were obtained in 53 per cent; positive stethograms were obtained in 
79 per cent. Where large fetal electrocardiographic deflections were obtained they 
were diphasic, otherwise they were single downward spikes in all but one case. The 
latter was probably a breech presentation at the time the record was made. 
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Holt, J. P.: The Effect of Positive anti Negative Intrathoracic Pressure on 
Cardiac Output and Venous Pressure in the Dog. Ain. ,T. Physiol. 142: 594, 
1944. 

Cardiac output was measured by tlie direct Pick method and by a modifijsation 
of Stewart’s method in dogs breathing oxygen and air at pressures of 8 and 16 cm. 
of water below atmospheric, S and 16 cm. of water above atmospheric, and at at- 
mo.spherie, pressure. The control cardiac output determinations made with the 
/Pick method showed considerable variation, wliile the control determinations with 
the modified Stewart method showed little variation. The cardiac output determina- 
tions with the modified Stewart metliod showed that, when air under a positive pres- 
sure of 16 cm. of water was breathed, the cardiac output was decreased. The aver- 
age decrease was 33 per cent of the control. When air under a negative pressure 
of 16 cm. was breathed there was little change in the cardiac output. 

Peripheral venous and right auricular pressures were measured simultaneously in 
dogs breathing air from a chamber in which the pressure varied from 20 cm. of 
water pressure above, to 20 cm. below’, atmospheric pressure. Wlien air under a 
positive pres.sure of 16 cm. of water was breathed, the pressure fall from peripheral 
vein to right auricle was decreased. The average decrease was 72 per cent of the 
pressure fall when air under atmospheric pressure was breathed in one group of ex- 
periments and 64 per cent in anotlier. When air under a negative pressure of 16 cm. 
of water w'as breathed, the pressure fall from peripheral vein to right auricle in- 
creased. The average increase was 191 per cent of the control pressure fall in one 
group of experiments and 244 per cent in another. 

Since the cardiac output of the dog changes very little when au- under a negative 
pressure of 16 cm. of water is breathed, it would appear that the maintenance of a 
high peripheral venous pressure, when right auricular pressure is greatly decreased, 
is due to the fact that the veins become partially collapsed just before entering the 
chest and increase the resistance to the flow of blood to the right auricle. 

Author. 

Porero, A., Silva, E., and Saffie, F.: Electrocardiographic and Anatomical Studies 
of Experimental Precordial Trauma. Eev. argent, de cardiol. 11: 77, 1944. 

The authors studied the effect of precordial trauma on twenty-one cats. Many 
electrocardiogi-aphic curves were made in each one of them, before and after the 
trauma. Then the animal was killed and a macroscopic study of the whole heart and 
a microscopic study of the interventricular wall w’ere made. The various factors 
which can influence the electrocardiographic curves and the anatomic alterations 
w'ere studied. The final conclusions of this experiment were as follows: 

Experimental precordial trauma on the cats produces electrocardiographic and 
anatomic alterations of the heart. 

; To a certain extent, the intensity of anatomic alterations is parallel to the 
violence of the blow. But many other factors play an important role, as elasticity 
of the thorax, cardiac and respiratory phase wdien the blow is applied, etc. As a 
consequence we can observe that equally intensive blows produce anatomic damage of 
• different magnitude. 
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pare the information gained by such surveys as this with wliat is now known about 
rheumatic infections in military camps in the United States. There is a compara- 
tively high incidence of rheumatic fever in the military forces in Colorado^ Idaho, 
and Utah. These camps are in dry areas, removed from water courses, and at rela- 
tively high altitudes. Needless to say, povertj’’ is no factor, and the housing, sanita- 
tion, and diet are excellent. In fact, there are only two features common both to 
the military forces in these states and to the impoverished civilians in areas with a 
high incidence of rheumatic fever, namely, (1) crowding and (2) inability to control 
the micro-climate. It is not always possible for cither the poor man or the military 
man to rest whenever he is tired, get warm when he is cold, and keep dry when it is 
raining. In civilian life, poverty, diet, proximity to water .courses, etc., might be 
said to be important only in so far as they are a part of the two features men- 
tioned, and so reduce the power of the body to resist disease. 

Authors. 

Paulley, J. W., and Aitken, G, J.: Case of Cardiovascular Beri-Beri. Lancet 2: 

440, 1944. 

A case of cardiovascular beriberi is described. Three etiological factors may be 
recognized: (a) marginal, and submarginal diet; (b) .some alcohol, but not chronic 
alcoholism; and (c) possibly age. The patient presented the usual clinical features 
of cardiovascular beriberi, and showed a grossly deficient excretion of vitamin B,. 
Circulation time (arm-iung) was abnormallj' long. Recovery was clinically complete 
in forty days. 

Authors. 

Leiper, E. J. B.; Hypertension Associated With Unilateral Eenal Lesion. Lancet 

2: 439, 1944. 

The question arises whether recovery was due to the removal of the diseased 
kidney, and what part, if any, was played by the right-sided .sj'mpathectomy. The 
evidence suggests, I think, that the role of the sympathectomy was insignificant, 
and that the benefit must be ascribed to the nephrectomy. Judging by the results 
of widespread bilateral removal of sympathetic ganglia and fibers (Jetferson, 1912; 
Takats et al., 1942), the dramatic cure here witnessed could scarcely have been the 
result of sympathectomy confined to one side. Nephrectomy, on the other hand, 
when successful, is usually strikingly so. 

When a unilateral renal lesion is found in a patient with hypertension it does 
not by any means follow that the hypertension will disappear on removal of the 
kidney. The number of cures so far recorded is .small. 

AUTJtOR. 

Bigger, I. A.: Treatment of Traumatic Aneurysms and Arteriovenous Tistulas. 

Arch. Surg. 49: 170, 1944. 

Twenty-nine eases of traumatic arterial aneurysm or arteriovenous fistula have 
been studied. Unfortunately, satisfactory follow-up studies have not been possible 
in a considerable number of cases but it is believed that evidence of some value has 
been obtained regarding the occurrence of subjective symptoms of chronic circulatory 
deficiency after obstruction of main arteries of the extremities. Eight of nine 
patients in whom one of the main arteries to the lower extremity was obstructed had 
follow-up examinations at periods of from nine mouths to eight years after operation. 
Seven of them have definite symptoms of chronic circulatory deficiency distal to 
the obstruction. 

Excision of an aneurysmal sac is more certain to cure the lesion than aneiirysmor- 
rhaphy but has the disadvantage of destroying more collateral channels than does the 
intrasaecular operation. It is more reasonable to assume that interference wth the 
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, The weight of the mother and size of the fetus influence the successful demon- 
stration of the fetal electrocardiogram, but the age of the mother, her parity, fetal 
presentation, and fetal sex are not factors in determining the production of fetal 
electrocardiographic deflections. The fetal cardiac rate bears no relationship to its 
sex; limb leads are of no value in obtaining fetal electrocardiograms; the best ab- 
dominal leads were those connecting the fundus of the uterus mth tlie symphysis 
pubis; the pattern of a fetal stethogram resembles that of the adult; and the con- 
figuration of the sounds assumes the form of M, N, or W. The term embryocardia 
is a misconception. 

Authors. 

Parkinson, D., Posch, J. L., and Stofer, B. E.: Tricuspid IVlitral Valve: A Re- 
port of a Case, With a Suggestion as to the Mode of Development. Arch. Path. 
38: 222, 1944. 

A tricuspid mitral valve unassociated "with any other congenital defects was ob- 
served in a 77-year-old farmer. The anterial lateral and medial cusps of this heart 
represent an incompletely fused anterial mitral cusp, and the posterior cusp, which 
is normally the smaller, represents the true posterior mitral leaflet. 

Authors. 

Capaccio, G. D.: The Electrocardiogram After Exercise in Angina Pectoris. 
bTorthwest Med. 43: 144, 1944. 

The electrocardiogram after exei-cise in angiua pectoris is offered as an ad- 
ditional objective observation to confirm the clinical opinion. A negative (response 
to the exercise) test does not rule out the diagnosis of angina pectoris. 

Author. 

Peashy, W. R.: Rheumatic Fever in the Canadian Army. War Med. 6: 139, 
1944. 

About 4 per cent of persons with streptococcic disease of the respiratory tract 
acqtdre polyarthritis. The incidence of polyarthritis follows closely the incidence of 
streptococcic disease of the respiratory tract. Ninety per cent of the cases occurred 
in the first seven months of the year. Military populations most seriously affected 
were those of Saskatchewan and Alberta. No particular strain of streptococci ac- 
counts for these eases or their complications. The commonest type was A 19, wliich 
was predominant in the 1943 streptococcic epidemic at Camp Borden, Ontario. 

From an analysis of four hundred seven such cases from the Canadian Army in 
Canada for 1943, it was found that (a) 24 per cent of the patients had cardiac com- 
plications, (b) 23 per cent are on full duty one year later, (c) 17 per cent are on 
low pulhems duty, and (d) 60 per cent are discharged and may be pensioned. The 
estimated CQst for tliis group of cases is nearly $6,000,000 to be expended over the 
next thirty years. Approximately $700,000 has been spent to date for the 1943 cases. 

Preventive measures include proper dust control in sleeping quarters and ade- 
quate hospital isolation of persons with streptococcic illness. 

Author, 

Wedum, A. G., and Wedum, B. G.: Rheumatic Fever in Cincinnati in Relation to 
Rentals, Crowding, Density of Population, and Negroes. Am. J. Pub. Health 
34: 1065, 1944. 

. This survey again emphasizes the importance of poverty and crowding in the 
genesis of rheumatic fever. However, poverty and crowding are only signposts 
pointing to a more fundamental epidemiological principle. It is instructive to com- 
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were killed at approximately twenty hours. The estimated mnx-ininm edema in these 
dogs was 20 to 47 ml. per kilogram of dog. 

The above observations are not explainable on the basis of a reactive hyperemia 
in the traumatized legs alone. Accumulation of fluid in the legs is apparently an 
important factor in the induction of the shock state, but in many of the experiments 
the volume of edema appears to be insufficient of itself to explain the death. If the 
operation of humoral or nervous factors are not subsequently demonstrated to play 
a part in the induction of tliis type of shock we may have to revise downward our 
estimates of the quantity of local edema necessary to induce shock, especially in the 
absence of hemorrhage into the traumatized tissues. 

The somewhat shorter survival and lesser edema in the second group of dogs 
demonstrates the importance of prolonged anesthesia and of restriction of activity 
in contributing to the ease with wliich shock with fatal outcome may be induced. 
Evidence is presented which suggests that dogs studied in the spring resist shock 
better than do dogs studied during the winter months. 

Authors. 

Mazer, M., and Wilcox, B. B.: A Simple Graphic Method for Measuring the Area 
of the Orthodiagram. Am. J. Roentgenol. 51: 444, 1944. 

A simple graphic method for the determination of the area of the orthodiagram 
is described. It requires no equipment not readily available to any physician. Its 
application to one hundred cases checked by the planimeter shows it to have a 
suffi;ciently high degree of accuracy for clinical purposes. 

Authors. 


Reynolds, J. T., and Jirka, F. J.: Embolic Occlusion of Major Arteries. Surgery 

16: 485, 1944. 

Heparin should be administered as soon as the diagnosis of arterial embolus is 
made. This is done in order to prevent a thrombosis of the blood distal or central 
to the embolus, which, should it occur, "would make all attempts to restore blood 
flow futile. 

Sympathetic block should not be used in aortic, iliac, or femoral embolic occlusion 
until the operation has been done, because the resultant vasodilatation may allow 
the clot to progress and escape into vessels from which it can no longer be removed 
with ease. 

Embolectomy should be done as soon as possible after diagnosis. 

Most occlusions of the femoral and iliac arteries and the aorta may be satis- 
factorily displaced by approach through an incision in the femoral artery. 

Emboli in popliteal and axillary vessels require removal only when the use of 
muscles supplied by the vessels remains impossible. 

Heparin, intermittent venous compression, antispasmotics, aud/or sympathetii; 
blocks should be used as forms of treatment accessory to embolectomy. They should 
also be used when no embolectomy is done. Their use must be continued for some 
time. 

Attention must be constantly directed to the cardiac disease which in itself may 
be fatal. 

Twenty-four patients with twenty-seven limbs rendered ischemic by embolic occlu- 
lusion have been studied. Of these limbs, nine were not operated upon. Eighteen 
limbs were operated upon. In one patient the embolus had moved, and in a second 
the embolus could not be obtained. Thus, there were sixteen limbs from which an 
embolus was removed at operation from thirteen patients. 

Ten of these emboli were removed within eight hour.s of their occurrence; all of 
the patients had satisfactory' return of the circulation. Of the remaining 
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collateral arteries, would increase the danger of ischemic gangrene , and would also 
increase the degree of chronic circulatory deficiency. ' ' 

An atypical or incomplete operation may result in cure of a traumatic aneurysm, 
but an arteriovenous fistula is rarely cured except by complete ligation of the in- 
volved vessels and excision of the fistulous area or by suture of the artery. If the 
latter procedure is employed it is usually better to ligate the vein above and below 
tile fistula and then to open the vein and suture the artery under direct vision. 

Evidence is also presented which indicates that while the excellent collateral 
circulation developed in the presence of an arteriovenous fistula makes the danger of 
ischemic . gangrene almost negligible, it does not prevent .persistent circulatory 
difficulty wheii main vessels are ligated and resected. It is therefore suggested that, 
when such important vessels as the cai-otid artery and jugular vein, tlie common 
femoral vessels, or the popliteal vessels are the site of arteriovenous fistula, trans- 
venous repair of the artery be employed if there are no contraindications. The 
most important contraindication to arterial suture is calcification of the wall of the 
artery in the area to be sutured. 

When the main vessels are obstructed, e.specially those to the lower extremity, 
permanent interruption of the sympathetic nerves to that extremity may help prevent 
chronic circulatorj' deficiencj- distal to the obstruction. 

Authou. 

Green, H. D., Dworkin, R. M., Antos, R. J., and Bergeron, G. A.: Ischemic Com- 
pression Shock, With an Analysis of Local Fluid Loss. Am, J. Physiol, 112: 

, 494, 1944. 

An ischemic trauma was produced by application of rubber tubes in the form 
of: a tight continuous spiral bandage from the ankle to the groin of both hind legs 
of dogs anesthetized with morphine and sodium pentobarbital. Upon release of the 
tubes after 6 or more hours compression, death occurred in twenty-four of a first 
group of twenty-five minimally anesthetized dogs which Avero free to move about 
in their cages, and in all of a second group of fourteen dogs anesthetized for longer 
intervals and restricted to animal boards' in a supine position. The dogs of the 
first group survived 0.8 to 50 hours after release of the rubber tubes, with an 
average surffival of 11.8 hours. The dogs of the second group survived 2 to 20 
hours with an average survival of 7.9 hours. 

Following the release of the rubber tubes the mean arterial pressure in the dogs 
of the second group fell rapidly from around 170 to ISO mm. Hg to around 120 to 
150 mm. Hg accompanied by a mai-ked rise in heart rate, and a reduction of blood 
flow in the forepaws, as indicated by subcutaneous temperature records. The mean 
arterial pressure then declined more slowly to about 50 to 00 mm. Hg, after which 
death from respiratory or cardiovascular failure ensued within a relatively few 
iiunutcs. Collapse of the peripheral veins was noted during the period of declining 
arterial pressure. The hematocrit reading rose rapidly during the first hour after 
removal of the rubber tubes and continued to rise slightly during the ensuing liours. 
Depression of, activity and sluggish response to stimulation were seen in the lightly 
anesthetized dogs after release of the limb compression. 

The accumulation of fluid in the traumatized extremities was measured by im- 
mersioir of the legs separately in a suitable tall narrow vessel before applying the 
rubber tubes and again after death. After allowing 5 ml. per kilogram of dog per 
, extremity for shrinkage of the legs %vith death, and after allowing for the fact that 
immersion may measure only 91 per cent of the true edema, the estimated maximum 
volume of edema still ranged from 15 to 56, with an average of 41.3 ml. per kilogram 
of body weight in tlie dogs of the first group and from 3.3 to 33 with an average 
of 17.6 ml. per kilogram, of body weight in the second group of experiments. One 
• leg only was traumatized in- seven dogs.' Three of these died with an estimated 
maximum volume of edema of oo, u3, and 5o ml. per kilogram. The remaining* four 
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then completely disappeared, and the patient has remained entirely well to date, one 
and one-half years after surgery. The cellophane was thought to be responsible for 
the final complete and permanent occlusion of the patent ductus arteriosus. 

Authous. 

Wakerlin, G. E., Johnson, C. A., Moss, W. G., and Goldberg, M. L.: Treatment of 

Experimental Eenal Hypertension With Eenal Extracts. J. Pharmacol. & Ex- 

per. Therap. 81: 101, 1944. 

The antihypertensive effect of partially purified hog renin in renal hypertensive 
dogs is definitely superior to highly purified hog renin, suggesting that the active 
principle is in the nonrenin fraction. 

Partially purified heat-inactivated hog renin possesses moderate antihypertensive 
activity, indicating that the active principle is partially heat-stable. 

Partially purified dog renin is not antihypertensive in three times the effective 
dose of hog kidney, suggesting either that the concentration of the antihypertensive 
principle i.s con.siderably less in dog kidney or that some type of iramime response 
not evoked by homologous renal extract is involved. 

Hog liver extract prepared after the manner of partially purified renin was in- 
effective antihypertensively, suggesting that the antihyperten.cive potency of our 
hog renal extracts is not due to a foreign protein effect and that the potency is 
.specific for kidney. 

A role for antirenin in the antihypertensive mechanism is largely excluded. 

A study of the antihypertensive potency of the nonrenin fraction of partially 
purified hog renal extract containing renin is well warranted and now under way. 

Authors. 

Jacobs, J., and Yonkman, F. F.: Sympatholsrtic Treatment of Experimental 

Hypertension. J. Lab. & Clin. IMed. 29: 1217, 1944. 

Yohimbine hydrochloride, 20 mg. per kilogram of body weight when orally 
administered, reduces the mean arterial tension of dogs rendered hypertensive by 
the Page technique of perirenal envelopment. 

Eeduction of arterial tension was effected in three of four dogs. One was of 
real significance, another of some, and the third was inconsequential; these ap- 
praisals were made after thirty-five, thirty-three, and twenty-three days of medica- 
tion, re.spectively. Sustained medication for longer periods would be desirable. 

The locus of yohimbine’s pharmacologic action in this type of hypertension i.s 
probably in tho neuromuscular receptors associated with .sympathetic vasoconstrictors 
and is probably antiadrenergic or sympatholytic in natui-e. 

Authors. 

Thomas, C. B,, and McLean, E. L.: The Effect of Intravenous Lajection of 

Epinephrm and Anglotonin Before and After the Production of Neurogenic 

Hypertension. Bull. Johns Hopkins Ho.sp. 75; 319, 1944, 

The pressor responses of imanestlietized dog.s to epinephrine and augiotonin 
were not significantly altered by the induction of neurogenic hypertension. 

Angiotonin produces a well-marked cardiac acceleration in the hypertensive 
animal, whereas it slows the cardiac rate slightly when the dog is in the normal 
state. Epinephrine has a similar but le.«s marked effect upon the heart rate. 

These experiments indicate that while peripheral vasoconstrictor activitj'^ may be 
increased in neurogenic hypertension, vasoconstrictor tone is not sufficiently great 
to interfere with the action of either synipathicomin)etic or humoral vasoconstrictor 
substances. 

It appears that angiotonin stimulates tho caidio-accelerator mechanism, but that 
this effect is normally masked by the moderator reflexes. 


Authors. 
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patients, four were successfully treated (one after twenty-seven hours), one result 
was doubtful, and one was a failui-e. 

Twelve of the patients studied died. All of these had had emboli removed. 
Seven patients died within the first few days after the removal of the embolus, ap- 
parently from cardiac failure, and all had had successful restoration of the peripheral 
circulation. Death in four of the remaining five was from causes not related to the 
heart disease or the embolus and might therefore have been avoided. 

Authors. 

Barber, E. P., and Madden, J. L.: Resuscitation of the Heart. Am. J. Surg. 64: 

151, 1944. 

Acute stoppage of the heart is a surgical emergency demanding immediate action 
if complete recovery is to be obtained. A preconceived plan of therapy avoids delay 
and confusion. 

The percentage of complete recovery in resuscitation of the heart will vary in 
direct ratio to the time interval between cardiac stoppage and the production of an 
adequate circulation by massage. 

The maintenance of a free and adequate artificial respiratory exchange during 
the course of resuscitation of the heart is essential. 

The cases of cardiac stoppage, capable of complete resuscitation, are those result- 
ing from asphyxia, reflex vagal inhibition, cardiac trauma, cardiac toxins (drugs, 
anesthetics), acute cardiac dilatation, hemorrhage and vasomotor paralysis with re- 
sulting circulatory insufficiency, and electrocution. 

The indiscriminate use of the intraeardiac injection of epinephrine or other 
sympathomimetic drugs is condemned. 

Sympathomimetic drugs should not be administered during the course of cyclopro- 
pane anesthesia. 

Procaine hydrochloride (2 per cent) administered prior to, or simultaneous with, 
the intraeardiac injection of epinephrine lessens the possibility of ventricular fibril- 
lation occurring. 

The topical application of procaine (5 per cent), metyeaine (10 per cent), or 
. cocaine (4 per cent) may also be used to the surface of the heart; the injection of 
the 2 per cent solution into the chambers of the lieart and electrical countershock are 
the most efficient methods in the treatment of ventricular fibrillation. 

The transthoracic approach is the method of choice in tlie performance of cardiac 
massage. Exposure of the heart is obtained through a transverse incision in the 
left third or fourth interspace, the adjacent costal cartilages sectioned, and the cor- 
responding ribs widely retracted. 

Manual massage of the heart is the most effective means of initiating cardiac 
contractions. If xmiform success is to be obtained, massage must be performed 
within three minutes follo^ving cessation of the heart beat. 

Authors. 

Harper, F. E., and Kobinson, M. E.: Occlirsion of Infected Patent Ductus Ar- 
teriosus With Cellophane. Am. .T. Surg. 64: 294, 1944. 

A case of patent ductus arteriosus in an adult woman, complicated by long 
standing, severe, subacute, bacterial endocarditis and endarteritis, is reported. The 
patent ductus arteriosus was occluded by ligating it with two silk ligatures and 
then wrapping cellophane loosely about it. The clinical postoperative course of 
the patient demonstrated the fact that the cellophane was responsible for the finq l 
complete occlusion of the patent ductus arteriosus. For the first two weeks the 
murmm- and symptoms disappeared only to reappear and persist until two and one- 
half months had elapsed from the time of operation. The murmur and symptoms 
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BriEMENTS OE ELECa'ROCAKUXOGRAl'HIC INTERPRETATION: By Louis N. Ivatz, M.D., 
Director of Cardiovascular Kcsearcli, Michael Beese Hospital, Chicago^ and Victor 
Johnson, Ph.D,, M.D., both Professorial Lecturers in Physiolog}'^, University of 
Chicago. University of CJiicago Press, Chicago, 1944, ed. 3 , 44 pages, 40 illus- 
tn^ions, $1.00. 

The purpose of the authors, to provide a booklet “suitable for use by tlie 
l)hysician whose specialty lies outside the held of electrocardiography and by the 
beginning student of cardiac physiology, “ should be well achieved by this pub- 
lication. The introductory statements are brief but adequate for a booklet of 
this- character,' the plates illustrating electrocardiograms are logically arranged, 
and the tracings are well reproduced. 

The reviewer, however, doubts the wisdom of including, in a work of this type, 
records whose interpretation is open to any question. The electrocardiogram 
shown in Plate 9 is certainly one- of doubtful character, and, unless students in 
Chicago are brighter than those elsewhere, one wonders how much this tracing 
helps to clarify cardiac physiology. Plate 7 should also cause trouble. This elec- 
trocardiogram is reproduced as an example of A-V nodal rhythm because of an 
unusually short P-E interval. The P waves are, however, not inverted, but defi- 
nitely upright in Leads II and III, which makes it clear that the auricles were 
not activated from a rhythm center in the A-V node. The record is probably, 
in the opinion of the reviewer, an example of the so-called 'VVolff-Parkinsou-White 
syndrome. 

Only one definite error was found in the booklet. This occurs in Plate 36, in 
the first group of tracings. Leads I and II are interchanged, and the latter (Lead 
I in the figure) is upside down. 

The material given in Appendix II, relative to recommended procedure in reading 
an electrocardiogram, should help those not familiar with interpretation of trac- 
ings to approach the records in a logical and systematic fashion. 


P. D. Johnston. 
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explains the syndrome in its entirety. The most promising and most 
widely accepted view was put forward independently by Holzmann and 
Scherf® and by Wolferth and Wood.^ They suggested that the sliort 
P-R interval and the broad QES complex are due to the transmission of 
impulses from auricles to ventricles by way of an accessory atrioven- 
tricular bundle, a strand of muscle of the sort described originally by 
Kent.® Quite recently, this conception has been supported by two im- 
portant studies. In experiments on animals, Butterworth and Poin- 
dextert passed action currents picked up fi’om the auricular surface 
through a vacuum-tube amplifier and utilized the output to excite the 
ventricles. In this way they were able to obtain electrocardiograms 
strikingly similar to those seen in human eases of anomalous atrio- 
ventricular excitation. By reversing the connections and appljlng 
amplified ventricular action currents to the auricles they were also able 
to induce paroxysms of tachycardia simulating those often observed in 
this syndrome. "Wood, "WoKerth, and Geekelert® have reported a careful 
histologic search for muscular bridges between the auricular and the 
ventricular myocardium in a case of anomalous atrioventricular ex- 
citation in which death oeeiuTed during an attack of paroxysmal tachy- 
cardia. Three connections of this kind were found on the right side of 
the heart. 

These studies are of very great importance, but they must be re- 
garded as suggestive rather than decisive. The experiments of Butter- 
worth and Poindexter® demonstrated that excitation of the epicardial 
siu’faee of the ventricles by the action currents of adjacent auiieular 
muscle, or inferentiaUy by the transmission of auricular impulses across 
an accessory atrioventricular bundle, could account for the brevity of 
the P-R and the abnormal length of the QRS inteiwal, and also sug- 
gested a way in which a physiologic or anatomic anomaly of this sort 
might lead to paroxysms of tachycardia. Nevertheless, they left many 
questions relating to these phenomena rmanswered. Muscular bridges 
of the kind found by Wood and his co-workers^“ were originally de- 
scribed by Kent,® and have recently been observed by Glomset and 
GlomseP^ in hearts that were presumably normal. It would appear, 
therefore, that human hearts in which they can be found are much more 
numerous than those that exhibit anomalous atrioventricular excitation. 
This consideration raises doubt as to their significance. 

In view of this situation, it seemed desii’able to ascertain w'hetber 
unipolar precordial and esophageal leads, which have proved of great 
value in the study of other abnoi-malities of the ventricular complex, 
would yield data consistent with the hypothesis in question. 

CLIXICAL OBSERVATIONS 

We have had the opportunity of studying ten eases of anomalous 
atrioventricular excitation which were discovered in the course of routine 
electrocardiogi’aphic examination or referred to us for investigation. 
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THE POTENTIAL VARIATIONS OB^ THE THORAX AND THE 
; ESOPHAGUS IN ANOMALOUS ATRIOVENTRICULAR 
EXCITATION (WOLB^P-PARKINSON- 
WHITE SYNDROME) 

Francis F. Rosenbaum, M.D., Hans H. Hecht, M.D., 

Frank N. Wilson, M.D., and Franklin D. Johnston, M.D. 

Ann Arbor, Mich. 

INTRODUCTION 

I N 1930, Wolff, Parkinson, and White^ reported a group of cases char- 
acterized by the following features : ( 1 ) the occurrence of paroxysms 
of tachycardia, heterotopie in origin; (2) complete absence of physical 
signs of. heart disease when the heart rate was normal; (3) electro- 
cardiographic peculiarities, of which the most striking were abnormal 
shortening of the P-R interval and a pronounced increase in the dura- 
tion of the QRS complex; (4) reversion of the anomalous electrocardio- 
gram to the noraial form either spontaneously, after exertion, or after 
the administration of atropine. Isolated cases which seem to have been 
of a similar kind had previously been reported by Wilson,- Wedd,^ and 
Hamburger. In 1940, Hunter, Papp, and Parkinson^ were able to find 
ninety eases of tliis type in the literature and to add to these nineteen 
cases Avhieh they had collected. This condition has been called the Wolff- 
ParkinsonrWhite syndi’ome, but in order to avoid awkward forms of 
expression we shall more often refer to it as anomalous atrioventricular 
excitation. 

A number of different hypotheses have been advanced to account for 
the peculiarities of cardiac mechanism which make this disorder unique. 
These hypotheses have recently been reviewed and classified by Hunter 
and his associates, and it is fair to say that none of them satisfactorily 

, Prom the Department of Internal Medicine, University of Michigan Medical School, 
and the Medical Department of the W. J. Seymour Hospital, Eloise, Michigan. Much 
of the work upon which this article is based was done under a grant from the Horace 
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Case 5. — A young man, aged 34 years, was referred to the Williani 
J. Seymoui- Hospital (Eloise, Mieh.) on July 30, 1941, for examination 
in connection ^vith the Selective Service program. He presented no 
cardiac symptoms. The blood pressure was 190/120, and there were 
mild changes in the retinal arteries of the kind often associated with 
arterial hypertension. The heart was not definitely enlarged either on 
physical or roentgenographic examination. The remainder of the phys- 
ical examination was negative. 

Case 6. — A male physician, aged 28 years, wdio was attached to the 
Heart Station, Avas found to have an anomalous tracing Avhen he Avas 
used as a subject in the course of a test of some electrocardiographic 
equipment. He Avas subject to renal glycosuria, but Avas otherwise AveU, 
and physical and roentgenographic examination of the heart Avas nega- 
tive. 

C.ASE 7. — A male laborer, 37 years old, entered the hospital June 9, 
1934, complaining primarily of joint pains associated Avith SAA'elling and 
limitation of motion. For about three years he had also been subject 
to paroxj’^sms of tachycardia lasting from tAvelve to tAA"ent3''-four houis. 
These Avere accompanied by mild dyspnea, slight precordial distress, 
and occasional choking sensations. The heart aa'us not enlarged, hut 
roentgenographic examination di.sclosed slight AAudening and tortuosity 
of the thoracic aorta and minor prominence of the pulmonary artery. 
Frequent extrasystoles Avere noted, but no murmui‘s Avere heard, and the 
blood pressure was normal. The knees, elboAA's, and Avrists shoAved 
changes characteristic of chronic atrophic arthritis, and there was some 
hypertrophic arthritis of the spine. The patient AA'as under treatment for 
a considerable period, during Avhieh a number of paroxysms of tachy- 
cardia, supraventricular in origin. Avere observed. These AA^ere success- 
fully treated AAuth aeetyl-^-methyleholine chloride and Avith quinidiue. 
The regular administration of the latter reduced the frequency of the 
attacks. 

Case S. — A female clerk, aged 24 years, requested an examination 
on July 29, 1943. She had been rejected for seiwice Avith the Armed 
Foi’ces on accoimt of a eax’diac murmur and arrhythmia. Examination 
disclosed a fairly loud, late systolic, apical murmur and an inconstant 
systolic click. Sinus arrhythmia and occasional extrasystoles Avere noted. 
The blood pressure AA'as normal, and the remainder of the physical exam- 
ination AAms negative. 

Case 9. — A. male office AA’orkei*, 25 years old, AA'as examined Oct. 6, 
1941, Avith reference to frequent attacks of rapid heart action during 
the preceding ten years. One of the most recent of these had pei-sisted 
for thirty hours. Physical examination of the heart Avas negative, and 
the blood pressure AA'as noimal. Eoentgenographie examination of the 
chest and the routine laboiutory tests gave no further information. 

C.VSE 10. — ^A houscAAnfe, aged 48 years, AA'as admitted to the WilliaJO 
J. Seymour Hospital (Hloise, llich.) because of an involutionary psycho- 
sis early in February, 1941. She gave a history of paroxysms ot 
tachycardia, brrt had no other symptoms referable to the heart. r.o 
ear*diae abirormalities AA'ere discovered on examination, and the blood 
pressure AA'as normal. This patient is still under obserwation; her mental 
corrditioir has gr-adually deteriorated. 

In summarizirrg the clinical aspects of these ten cases of anomalous 
atrioventricular excitation Ave may mention that all of the patients Avere 
under 50 years of age, and that all e.xcept tAA'o Avere males. Three ex- 
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Brief abstracts of tlie case histories are presented below. The electro- 
eardibgrapliic data will be considered separately. ■ 

Case 1. — A schoolboy, aged 13 j^-ears and of somewhat deficient intel- 
ligencci entered the hospital Oct. 7, 1942, for the correction of con- 
vergent strabismus which had been present since infancy. Along the 
left margin of the sternum there was a moderately loud, rough, systolic 
murmur, but the heart was not enlarged; the blood pressure was normal, 
and there were no cardiac symptoms. A corrective operation on the 
eyes was performed October 29, and the patient ’s convalescence was un- 
eventful. 

Case 2 . — A male professor, aged 36 5 >’ears, came in for a checkup ex- 
amination on Feb. 14, 1942. He had no complaints referable to the heart 
and appeared to be in good health. Soft systolic murmurs were heard 
at the cardiac base and apex, but there was no enlargement of the heart 
either on physical or roentgenologic examination. Apai’t from the 
anomalous electrocardiogram, no abnormalities of any sort were discov- 
ered. Late in July, 1942, this man was found dead in his automobile, 
which was standing at the side of the road. He was known to have been 
normally active a few days prior to his death. The results of an autopsy 
carried out by the coroner could not be ascertained. 

Case 3. — A male storekeeper, 34 years of age, entered the hospital 
March 20, 1942, complaining of occipital headaches for the preceding- 
four years, and of mild dyspnea on exertion and slight edema of the 
anldes for several months. During the preceding three years he had 
been subject to paroxysms of tachycardia, forty-five minutes to four 
hours in duration. The blood pressure was 186/116; there was slight 
edema of the ankles, and the heart was slightly enlarged to the left. 
The urine contained albumin and gTanular easts, and renal function 
was depressed (urea clearance, 29 and 22 per cent of normal). There 
was no improvement on a conservative regime, and a bilateral splanch- 
nicectomy was performed Aug. 31, 1942. Twelve days later the pa- 
tient was discharged; at this time the blood pressure was 105/55. He 
returned for a checluip examination on Aug. 16, 1943, and reported 
that he had had a few attaelis of tachycardia, but was working regu- 
larly. The blood pressure was then 162/120; apart from the absence of 
edema, the physical signs were not notably different from those found on 
previous occasions. There was, however, a change in the electrocardio- 
gram; the T deflections, previously inverted in precordial leads V 4 , Vs, 
and Yq, had become upright. It has been observed that the inverted T, 
waves often seen in hypertensive heart disease frequently return to nor- 
mal after operations of the kind performed on this patient. 

g^vsE 4 . — ^A foundry worker, 30 years old, entered the hospital Nov. 
11 , 1942, complaining of attacks of nocturnal dyspnea and palpitation. 
Three attacks of this sort had occurred during the preceding three 
months. The duration of the paroxysms varied from ten to fourteen 
hours, and attempts to prevent them by the administration of digitalis 
and quinidine had not been successful. There was a modei’ately loud, 
apical, systolic murmur, but the heart was not enlarged either on phys- 
ical or roentgenographic examination, and the blood pressure was nor- 
mal. The rest of the physical examination and the routine laboratory 
tests were negative. The .administration of quinidine, 0.2 Dm. three 
times daily, was advised, but this treatment failed to prevent occasional 
paroxysms of tachycardia. 
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bundle and spreads through the ventricular walls from within outwards. 
The various types of QES complexes inscribed in unipolar precordial 
leads imder these circumstances may be interpreted with confidence be- 
cause the principles involved have been established by recording and 
comparing the potential variations of the epieardial surface, the ven- 
tricular cavities, and the preeordium in experiments on animals. We 
cannot, however, assume that a QES pattern which has a knoum sig- 
nificance when ventricular excitation takes place in the normal fashion 
must have the same significance when auricular impulses are transmitted 
to the ventricles along anomalous paths. 

Previous observers have found that when anomalous and normal beats 
are recorded in the same tracing, the sum of the P-E and the QES in- 
terval is the same, or very nearly the same, for both. This suggests 
that the broad QES complexes represent premature anomalous activa- 
tion of the ventricular muscle, combined with normal activation by way 
of the His bundle. Assuming that this is true, we must conclude that, 
in relation to auricular events, some fraction of this muscle is activated 
earlier, but none can be activated later, than would be the case if the 
cardiac impulse reached the ventricles by way of the His bundle only. 
We may, then, refer to that pari of the anomalous QES complex which 
encroaches upon the normal P-E interval as the premature component. 
The point at which this component ends cannot be ascertained with 
certainty unless nonnal ventricular complexes have been recorded on 
the same tracing. In other eases W'e may consider that this point falls 
about 0.08 to 0.10 second ahead of the ES-T junction. We may also 
speak of the anomalous QES complex as consisting of an anomalous 
component and a normal component. The former, which represents 
action currents produced by muscle activated by way of an aberrant 
pathway, is in part premature and in part superimposed upon the lat- 
ter, which represents the action euiTents of muscle activated by the noi’- 
mal route. It has been observed that the premature component, that is 
to say, the premature part of the anomalous component, is almost in- 
variably of relatively low voltage and displays no steep slopes. In the 
majority of eases it is fused with the first part of the succeeding fraction 
of the QES complex, and gives rise to basal slurring or notching of the 
earliest prominent QES deflection. The size and character of this pre- 
mature component have been interpreted as evidence that when tiie 
aberrant impulse first reaches the ventricular muscle it spreads slowly 
and does not immediately gain access to the Purkinje plexus. One of the 
principal objects of our investigation was to ascertain, if possible, the 
location of the muscle activated prematurely by an anomalous route. 

The, Type Case of Group A . — ^Depending on the form of the ven- 
tricular complex in precordial leads, we have divided our eases into tw'O 
groups, A and B. Case 1 is the type ease of the first group. In tris 
instance, reversion of the anomalous to the noimal type of electrocardio- 
gram sometimes occurred spontaneously and could be induced by the ad- 
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liibited anomalies other tlian that involving the heart; we refer to the 
presence of renal glycosuria in Case 6, of mental deficiency and 
strabismus in Case 1, and of an involutional psychosis in Case 10. Half 
of the patients were subject to paroxysms of rapid heart action. Clin- 
ical evidence of structural heart disease "was found in only one instance, 
in which it was associated with arterial hypertension. One other pa- 
tient had an abnormally high blood pressure (Case 5), one had chronic 
atrophic- arthritis (Case 7), and a third died suddenly and unexpectedly 
from an unlaiown cause (Case 2). 

ELECTROCARDIOGRAPHIC OBSERVATIONS 

Material . — ^The standard limb leads and unipolar* precordial leads 
from the six standard preeordial points (Leads to Y,j, inclusive) were 
taken in all ten of the cases upon which this report is based. Unipolar 
leads from the tip of the ensiforin process (Ye) W'ere taken in eight 
cases, multiple unipolar leads from the back and right side of the chest 
in .five, and multiple unipolar leads from the esophagus in four. The 
esophageal leads were taken in the manner described by Nyboer,^- and 
the unipolar limb leads aecoi‘ding to Goldberger 's teehnique.^^ 

The analysis of our records would have been easier if we had taken 
all, of the leads mentioned in every instance. Sometimes we did not do 
this because the time and length of the patient’s visit did not offer the 
opportimity. More often, however, a number of these leads were not 
taken because the problems which prompted us to employ them at a 
later stage of our work had not yet presented themselves. 

The Working Hypothesis and Its Implications. — ^We accepted, as a 
Avorking hypothesis, the view that in cases of the kind under considera- 
tion auricular impulses reach the ventricles by Avay of an accessory atri- 
oventricular bundle. If this is the ease, it is clear that the order of 
ventricular activation during the first part of the QKS interval must 
depend to a considerable extent upon Avhether the ventricular muscle in 
AV'hich this bundle terminates lies on the inner or on the outer aspect of 
the ventricular AAmll. It must also be aeknoAAdedged that, if the existence 
of one anomalous tract of this kind is admitted, Ave cannot dismiss the 
possibility that tAvo or more may exist. There are, moreover, reasons for 
supposing that, even if other atrioventricular bridges are present, the 
His bundle continues to function. 

These considerations make the interpretation of the ventricular de- 
flections Avhich depict anomalous atrioA'entrieular excitation particularly 
difficult. The situation is much more complicated than those encoun- 
tered in the analysis of the curves that represent bundle branch block, 
ventricular hypertrophy, and myocardial infarction. In these con- 
ditions the cardiac impulse reaches the ventricles by Avay of the His 

•The term imipoJar is used to indicate that the exploring electrode was paii-ed 
with a c&itral terminal connected through resistors of 5.000 ohms to each of the ex- 
tremity electrodes employed in taking standard limb leads. For practical purposes it 
may be assumed that the potential of a central terminal of this sort is not affected 
by the heart beat; or tvhat amounts to the same thing, that it is zero throughout 
the cardiac cycle. 
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limb. The S component of the anomalous and that of the normal QKS 
complex are largest in the same lead (V2). The former is small in tlie 
leads from the left side of the preeordinm and the lead from the ensiform 
process-. In Lead Vj a broad, bifid E wave is the only QES component. 
The Q deflection of the normal complex of Lead V., does not occur in 
its anomalous companion. The differences between the T waves of the 
two kinds of ventricular complexes are as great as the differences be- 
tween the QES deflections. The long Q-T interval in Lead seems 
to be due to the fusion of a large U wave with the terminal part of T. 

In the lead from the auricular level of the esophagus (Lead E.2g), the 
difference in length behveen the P-E interval of the anomalous and that 
of the normal beats is especially conspicuous. The auricular and ven- 
tricular complexes of the latter are of the kind usually seen in unipolar 
leads fi-om this region. The anomalous complexes are similar in general 
outline, but the QES interval is much longer’, the descending limb of 
QS has a much more gradual slope, and the T wave is rrpright. In 
the esophageal lead from a point 6 cm. farther from the nares (Lead 
Ess), the initial, slurred part of the QES complex is still below the iso- 
electric line, whereas, in the leads from still lower levels (Leads E^^ 
and E51), this premature component is positive. The normal ventricu- 
lar complexes of these last leads are very similar to, and the anomalous 
complexes very different from, those of the same species in Lead Y.,. 
The deflections of Lead E^^ are like those of Lead E,j, except that the 
anomalous beat displays a conspicuous E' rvhich follows the onset of P 
by approximately the same interval as the E summit of the normal beat. 
When the long axis of the heart occupies a relatively vertical position, 
leads from these levels of the esophagus (12 cm. or more below the level 
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a — anonuilous ; n — normal. 

Column 1— interval from bcglnninfir of p to beginning of QRS. 
Column i — interval from beginning of p to peak of R. 

Column 3 — interval from beginning of p to peak of Q. QS, or S. 
Column 1 — interval from beginning of P to end of QRS. 

•Two R peaks present. 

tFir.st measurement to peak of Q. second to peak of S. 

JTwo S peaks present 
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ministration of : amyl nitrite. Transitions from excitation of the one 
sort to excitation of the other were recorded in a variety of leads. In 
the standard limb leads the normal beats (labeled n) are represented 
by deflections of .the kind often seen in the electrocardiograms of healthy 
young subjects (Fig. 1 ). In Lead I the QRS complex displays rela- 
tively small R and S components, and in Leads II and. Ill it consists of 
a, small Q wave followed by a tall B wave. The mean electrical axis of 
this complex has a nearly , vertical direction, suggesting that the angle 
made by the long axis of the heart Avith the long axis of the trunlc was a 
small one. The T waves are inverted in Lead III, as is often the case 
in electrocardiograms' of this type. The anomalous beats (labeled a) 
are represented by patteims of very different foim. Apart from the 
brevity of the P-R and the broadening of the QRS interval, there is con- 
spicuous basal slurring of the first QRS component, and the mean elec- 
trical axis of QRS is nearly horizontal. The T deflections are inverted 
in Lead I. Normal complexes were recorded in only one of the unipolar 
limb leads. Lead Vf; in this lead they have the same outline as in Leads 
II and III. The anomalous complexes of Lead Vk show pronounced 
slurring of the first part of the large initial Q Avave, and in Lead Vl the 
. initial R deflection is deformed in a similar Avay. 



Fig. 1 , — Case 1. Standard and unipolar limb leads. Complexes which represent 
anomalous atrioventricular conduction are labeled a, and complexes of the normal 
type are labeled n. 

In Pig. 2, fiAm unipolar precordial leads, a unipolar lead from a point 
overlying the spinal process of the eighth dorsal vertebra (Dvui), and 
unipolar leads from four levels of the esophagus are reproduced. In 
the precordial leads the normal beats (labeled n) are represented by de- 
flections of the usual type. In Leads Vj and the R deflection is small, 
the R peak falls early in the QRS interval, and S is large; in Lead Vs 
the R deflection, is large, the summit of this deflection comes later, and 
small Q and S Avaves are present. In Leads V 3 and Ve the R and S de- 
flections are approximately equal in size; Ave may speak of these leads 
as from the transitional zone. In all of these precordial leads the QRS 
. complex of the anomalous beats (labeled a) is dominated by an R deflec- 
tion Ayhich is considerably taller than the R wave of the normal beats 
and displays pronounced slurring of the basal part of its ascending 
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QRS component, (2) the peak of R, (3) the peak of the chief downward 
deflection (Q, QS, or S), and (4) the RS-T junction. 

This table indicates that the anomalous P-R interval is certainly more 
than 0.02, and probably more than 0.05, second shorter than the normal 
P-R interval in this ease. The largest difference w'as found in the lead 
from the auricular level of the esophagus, where it amounted to nearly 
0.07 second. In Leads Vo, V 3 , V 5 , and Ye the R peaks of the paired 
complexes occur at the same time, within a few thousandths of a second, 
in relation to auricular events. In Lead V^ the first peak (0.138) of 
the bifid R of the anomalous complex corresponds to the R summit 
(0.139) of the normal complex. In Lead E„ the R peaks of the two 
kinds of complexes do not correspond (0.131 and 0.174), and evidently 
differ in origin. In Lead the normal R deflection corresponds in 
time not to the initial R, but to R' of the anomalous complex. The 
paired intervals of the third column of Table I, which give the times 
of the apices of the largest negative QRS deflections, are in good agree- 
ment. In the ease of Lead E^^, the apex of the anomalous S (0.154) 
eorx'esponds more nearly to the apex of the normal Q (0.147) than to 
that of the noi-mal S (0.198). The paii’ed intervals of the last column, 
which give the time of the RS-T junction in relation to the beginning 
of P, are also alike except in two or three instances (Leads Dyin, E, 5 , and 
E„), in which the end of one or both of the QRS complexes is poorly 
defined. 

These measurements clearly support the view that the excitatory 
process reached the epicardial .surface of the anterior, wall of the left 
ventricle at the normal time (in relation to auricular events) and by 
the normal route, even when some parffs of the ventricular m 3 mcardium 
were activated prematurely bj’' an anomalous mechanism. We cannot 
regard it as fortuitous that the R peak of the anomalous and that of the 
nonnal QRS complex of the leads from the left side of the precordium 
are separated from the beginning of the P wave by the same interval. 
It is clear, then, that the premature component of the anomalous QRS 
complex of these leads cannot be ascribed to forces produced by prema- 
ture excitation of the anterior wall of the left ventricle. As regard.s 
the significance of this component in the leads from the right side of the 
precordium, the situation is similar. There is no evidence that the 
anterior wall of the right ventricle was activated prematurely. In 
Leads Vo and Ve the single R peak of the anomalous, and that of the 
nomal, beat bear the same relation to the P wave. This is likewise true 
of the first R summit of the anomalous, and the R peak of the normal, 
QRS complex in Lead Vi. The second R summit of this lead, which is 
somewhat like that seen in right bundle branch block, cannot be at- 
tributed to activation of the anterior wall of the right ventricle unless 
we suppose that the cardiac impulse reached the epicardial .surface in 
this region abnormally late. This supposition would imply that the 
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: wliei-e large diphasic or imiltiphasic P eomxdexes are obtained) ordinar- 
ily yield, ventricular deflections like those of leads from the left side of 
the precordium, and may, therefore, be considered semidirect leads from 
the surface of the left ventfiele. It will be noted that the complexes of 
the unipolar dorsal lead (Lead Dviii) closely resemble those of Lead E35. 



. Fig. 2.-^Case 1. Precordial Leads Vi, V::, Va, Vs, and Ve. A unipolar lead from 
the reg-ion of me eighth spinal process (Dviii). Four unipolar esophageal leads: 
these leads are labeled B, followed by a number which gives the distance (in centi- 
meters) of the exploring electrode from the nares. Complexes labeled a are anoma- 
lous, those labeled normal. In this and in subsequent figures the symbol A"" indi- 
cates that tlie lead was taken with the electrocardiograph at the normal sensitivity 
(1 cm. equals 1 mv.) the symbol N/~ indicates that the sensitivity was reduced to 
one-half the normal- (1 cm. equals 2 mv.). 

Despite these' great differences in form between the normal and the 
anomalous ventricular complexes, measurements show that in many leads 
the two types of QKS groups are structurally related. We have already 
mentioned that the interval from the beginning of the P wave to the 
.end of the QKS complex (the ES-T junction) is of the same length 
when atrioventricular excitation is anomalous as when it is normal. 
Measurements of the curves of Pig. 2 are in accord wdth this statement, 
and also show that the corresponding peaks of the chief QKS components 
of the two lands of curves usually occur at approximately the same time 
in relation to the P wave. Table I gives, for each of tlie leads shown 
in Pig. 2, the intervals from the onset of P to (1) the onset of the initial 
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line (Vsb)/' la the lead from the right midclavieular line (RMCL) 
the premature component is isoelectric. All of these leads were taken 
from points at the level of the cardiac apex. 

In this instance the muscle activated prematurely must have been in 
the dorsal wall of the heart near the ventricular base, or in the neigh- 
boring part of the ventricular septum. This conclusion is supported 
by the following considerations : 

a. The orientation of the electrical forces generated by the heart 
during the premature fraction of the QRS interval indicates that 
throughout that period the excitatory process was spreading from the 
dorsal toward the ventral, and from the basal toward the apical, parts of 
the myocardium. In this part of the cardiac cycle the potential of the 
auricular and subaurieularf levels of the esophagus and that of a zone 
extending from the eighth doi'sal spine around the right side of the 
chest to the right anterior axillary line were negative, whereas the 
potential of the ventricular levels of the esophagus and that of a zone 
extending from the right parasternal line across the precordium and 
around the left side of the chest to the left scapular line were positive. 

b. The earliest fractions of the premature component of QRS are most 
conspicuous in the leads from the auricular and subaurieular levels of 
the esophagus. This, together with the relatively large size of this com- 
ponent as a whole in these leads, suggests that when they were taken 
the exploring electrode was near the region where premature activation 
began. We believe, in other words, that this component is large in these 
leads for the same reason that the auricular deflections ai’e large in them. 

c. It has been pointed out that in all of the precordial leads the R 
wave of the anomalous is taller than that of the normal QRS comple.x. 
The anomalous QRS group has a net area that is algebraically larger, 
and the anomalous T complex a net area that is algebraically smaller, 
than that of the corresponding subdivision of the normal ventricular 
complex. In the esophageal leads the reverse is the case. This clearly 
indicates that anomalous excitation increased the number of muscle 
rmits activated in a dorso ventral direction. 


•Leads from points on the right side of the chest simiiar in location to the points 
from which the standard precordial leads are taken are conveniently differentiated 
from these by adding R to the subscripts of the standard symbols of the leads to 
which they correspond. 

In normal subjects and in cases of right ventricular hypertrophy, left ventricular 
hiTJertrophy. right bundle branch block, and left bundle branch block, the ventricular 
compiexes of unipolar leads from the left posterior axillary line and the left scapular 
line (at the level of the cardiac apex) are usually similar to those of the leads from 
the left side of the precordium. Exceptions to this general rule occur in those cases 
in which the transitional zone is displaced to the left. In these the leads from the 
left side of the precordium display complexes intermediate in form between those of 
the leads from the right side of the precordium and those of the leads from the left 
back. The ventricular complexes of the latter are then like those usually seen in 
Leads Vs and Vc in the type of heart disease present As a general rule the ventricu- 
lar complexes of the leads from more lateral parts of the right anterior chest waU are 
similar to those of Lead Vj ; exceptionally, they are like those usually present in 
this lead in cases of the kind being studied. The dedections of the leads from the 
right back are variable in form, but often resemble those of Lead Vk. The QRS 
complex is ordinarily minus-plus diphasic. In right ventricular hypertrophy the sec- 
ond phase usually has the greater voltage, and in left ventricular hypertrophy the 
first phase usually has the greater voltage. In right bundle block the second com- 
ponent is often very broad. In left bundle branch block the first or negative phase 
is usually the larger, and the second or positive phase may be absent, 

tLess than 10 cm. below the point at which the largest auricular deflections were 
recorded. 



’ ROSENBAUM ET jiL. : WOLEP-jPARKiNSON-WHITE SYNDROME 291 

right brauch of tlie His bundle was not functioning, and is not supported 
by the character of the ventricular complexes' of the other leads. 

A complete set of the esophageal leads, taken when the cardiac 
mechanism was continuously anomalous, is reproduced in Fig. 3 . The 
prematui’e component of QES is inconspicuous in Lead ; in Leads E^g, 
Eoj, Eo^, Eg-, Egg, und E33 it is negative, and in the last four of these 
leads it is conspicuously large. The brevity of the P-R interval in the 
leads in which this component is largest is apparently due chiefly to the 
comparatively large magnitude of its earlier fractions; in some of the 
other esophageal leads these are inconspicuous or isoelectric. In Leads 
E30, E39, Ejo, Ej 5, and E^^ the premature component is positive and rela- 
tively small. It will be observed that the QES complexes of the leads 
from the highest levels of the esophagus are the inverse of QES com- 
plexes of the leads from the lowest levels. We have alread}" noted that 
the latter display both an E and an E' deflection, and are very different 
ill form from the normal complexes of the same leads and from the 
anomalous complexes of the leads from the left side of the precordium. 



Eio. 3. — Case 1. Esophageal leads. The number -which follows E gives tire distance 
(in centimeters) of the exploring electrode from the nares. 

Unipolar leads from the back and the anterolateral aspect of the right 
side of the thorax are shovoi in Fig. 4 . The premature component of QES 
is clearly negative in the leads from the eighth dorsal spine (Dym), the 
right posterior axillary line (EPAIj), the right midaxillary ’line 
(Eii'IAL), and the right anterior axillary line (EAAL). It is clearly 
positive in the leads from the left midaxillary line (Vo), the left pos- 
terior axillary line (LPAL), the left scapular line (LScL), and a line 
midway between the right sternal margin and the right midelavieular 
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the initial component of the normal complex is likewise negative. Nor- 
mally, the ventricular cavities are negative throughout the QRS inter- 
val, and the initial negative component of QES in leads from the au- 
ricular and suhauricular levels of the esophagus is presimiably due to 
the transmission of the potential of the ventricular cavities to these re- 
gions. That anomalous atrioventricular excitation gives rise to initial 
negativitj” of the left ventricular cavity as a whole seems unlikely, for, 
in the leads from the left side of the precordium, tlie premature com- 
ponent of the anomalous QES complex is positive even when the normal 
QES complex displays a conspicuous Q deflection.. The evidence bear- 
ing upon its effect upon the initial potential of the cavity of the right 
ventricle is less conclusive. In the leads from the right side of the pre- 
eordium the premature component of the anomalous QES complex is 
positive in Case 1, but not in aU the other cases of our series. It would 
seem that positivity of this component in all of the standard preeordial 
leads must be due to activation of the doi’sal ventricular wall from 
without inwards or to dorsoventral activation of septal muscle, if we are 
warranted in excluding premature activation of the anterior ventricular 
W’all on the grounds previously mentioned. 

The oeeurrenee of a second E summit in the anomalous QES complex 
of Leads Vj and V 3 K is not easy to explain sati,sfactorily. If the fimt 
R summit, which corresponds, as regards its relation to P, to the normal 
E peak, marks the completion of the excitation of the anterior waU of 
the right ventricle by impulses arriving via the His him die, the later 
fractions of the bifid E wave must be of septal origin in the sense that 
they represent the overbalancing of opposing forces by those generated 
by the activation of septal muscle in a left to right direction. In the 
leads from the left back and the left axilla, an S deflection occupies this 
same part of the QES interval, and it is apparent that this deflection and 
the second E .summit in question have the same origin. It seems likely 
that abnormally eaxdy activation of parts of the posterior and postero- 
lateral wall of the left ventricle by the anomalous excitation process 
prevented the development in these I'egions of those electric forces which, 
late in the QES interval, normally opposed the septal forces referred to. 

It may be pointed out here that our observations are not in accord 
with any of those hypotheses which attribute the electrocardiographic 
featui’Cs of the syndrome under consideration to an anomaly of con- 
duction or of impulse formation affecting the right or left branch of the 
His hvmdle. An anomaly of this kind should give rise to a QES pattern 
characteidstic either of complete or of incomplete bundle branch block. 
Left bundle branch block decreases the size of the E deflection and enor- 
mously increases the area of the S wave in the leads from the right side 
of the precordium. Eight bundle branch block does not greatly change 
the height of the E wave, but substantially decreases the net area of 
QES in the leads from the left side of the precordium. It does not 
abolish Q waves in these leads in cases in which they are present "when 
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d. The foiTii of the QES deflections in the leads from the lower sub- 
anrieular and the higher ventricular levels of the esophagus suggests 
that the parts of the dorsal ventricular wall nearest the exploring elec- 
trode were activated earlier when excitation was anomalous than when it 
was normal (Fig. 2) . In Lead E 35 the normal QES group displays a 
final B deflection; in the anomalous beat, B is wholly lacking. In 
Lead the normal beat exhibits a prominent Q and a late B peak, 
whereas in the anomalous complex B is small and its peak falls in the 
premature part of the QBS interval (Table I). In Lead Eg^ the situa- 
tion is similar except that here the anomalous QBS, complex has an B' 
in addition to the initial B wave. This R' summit comes at the same 
time as the normal R peak of the same lead. Pig. 3 shows that it is 
embryonic in Lead E 39 and progressively larger in the leads from lower 
: levels, wliich suggests that it represents the response of some of the 
lowest portions of the dorsal ventricular wall to the normal excitation 
wave. The leads from the left back (Pig. 4, LPAL and LScL) exhibit 
QRS deflections of similar form, whereas the QRS complex of these 
leads is normally dominated by a late R deflection. 



Fig. 4 . — Case 1. Unipolar leads from the back and from the anterior right hemi- 
thorax at the level (approximately) of the cardiac apex. LPAL, left posterior axil- 
lary line; LScL, left scapular line; Dviii, eighth dorsal spine; RPAL, right postei'ior 
axillary line ; RMAL, right midaxillary line ; RAAL, right anterior axillarv line ; 
TtMCL, right midclavicular line ; Van, halfway between the right midclavicular line 
and the right sternal margin. 

It seems probable that the anomalous excitatory process invaded the 
subepicardial muscle first, and spread toward the endocardium, but 
lack of information as to what effects might be produced by dorso- 
ventral activation of septal muscle makes it impossible to be sure that 
such was the case. The esophageal leads throw no light on the question 
as to whether the excitation wave spread through the dorsal ventricular 
waU from without inwards or vice versa; When the premature com- 
ponent of the anomalous QRS complex is negative in one of these leads. 
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atrioventricular excitation, and the electrocardiograms in half of our 
series of ten cases exhibit it. In the three cases of these five in which 
reversion of the anomalous ventricular complexes to the normal form 
was recorded in the limb leads, the mean electrical axis of the normal 



QRS group is nearly vextical. It is clear, therefore, that the factore 
responsible for left axis deviation Avhen the cardiac mechanism is 
anomalous are not the same as those that give rise to it Avhen the cardiac 
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tlie ventricles are activated in the normal way. We feel sure, therefore, 
that an anomaly of the kind specified could not give rise to electro- 
cardiograms of the land reproduced in Fig. 2. 

Glassification of Gases; Groups A and B; the Electrical Axis. — As re- 
gards the form of the anomalous ventricular . complex in certain leads, 
all the cases of our series are very much alike. With respect to the form 
of this complex in other leads, there are great differences between them. 
The leads from the left side of the precordium, particularly Leads V.i 
and V5, belong to the first class (Figs. 2, 6, 9, and 11) . The anomalous 
QRS complex of these leads is alwaj’s dominated by a large E wave, and 
the basal part of the ascending limb of tliis deflection is invariably 
slurred or notched by a positive premature component. In most in- 
stances there is also a small S wave in one or both of the leads mentioned, 
but Q is never present in either. In Lead the ventricular deflections 
have essentially the same form as in Leads and Y5, except that the 
voltage of R is almost always smaller, on occasion much smaller, as in 
Cases 2 and 4, and S is sometimes considerably deeper (Cases 1, 2, 3, 
and 4) . Depending on the fonn of QRS in the leads from the right side 
of the precordium, particularly Leads Vj, V2, and Ve, our cases have 
been divided into two groups: Group A, in which R is the sole, or by 
far the largest, deflection in all of these leads, and Group B, in which S 
or QS is the chief QRS deflection in at least one of them. Cases 1, 2, 3, 
4, and possibly 7 fall in Group A (Figs. 2, 6, and 11), and Cases 5, 6, 8, 
and 9 fall in Group B (Figs. 9 and 11) ; Case 10, in which the form of 
QRS in these leads varied greatly, will be discussed separately. In the 
four eases in which esophageal leads were taken, the QRS complexes 
of the leads from the auricular and subauricular levels have essentially 
the same outline (Figs. 2, 3, 8, and 16). With one exception (Case 1), 
the ventricular deflections of the leads from the lowest levels of the 
esophagus are like those of the leads from the left side of the precordium. 
Leads from the back and the anterolateral aspect of the right side of 
the chest were taken in Cases 1, 3, 4, 8, and 10. In all of them the lead 
from the eighth dorsal spine exhibits a broad QS deflection similar to 
that seen in the leads from the auricular levels of the esophagus (Figs. 4, 
7, and 8). The QRS complexes of the lead from the left scapular line 
resemble those of the leads from the left side of the precordium in only 
one instance. In most normal subjects, in bundle branch block, and in 
ventricular hypertrophy the complexes of the leads from the left back 
and those of the leads from the left side of the precordium are usually 
strildugly similar in form. 

As to the limb leads, there are pronounced variations in the form of 
the ventricular complexes of Leads Vl and Vf, and therefore in the 
position of the electrical axis from case to case, but in Lead Vr the QRS 
deflections have approximately the same general outline in all instances 
(Figs. 1, 5, and 10). Left axis deviation is very common in anomalous 




Fig. 6. — Cases 2, 3, and 4. Precordial leads, 
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mechanism is normal. In Case 1 the anomalons QRS deflections of Lead 
Vp (Fig. 1) resemble those of the leads from the ventrienlar levels of 
the esophagus (Fig. 3), although the initial E wave (not present in the 
strip of Lead Vp reproduced, but weU marked iu tracings taken on other 
occasions) is much larger in the esophageal leads. In Case 8 the ven- 
tricular deflections of Lead Vp (Fig. 10) are like those of the leads from 
the right side of the back (Fig. 7), and, in Case 6 (Fig. 10), like those 
of esophageal Lead (Fig. 8) . In these same cases, the QRS deflec- 
tions, although not the T waves, of Lead Vl are more like those of the 
leads from the left side of the precordium. It seems probable, therefore, 
that the occurrence of left axis deviation was due in these eases to 
abnormally early excitation of the more basal parts of the dorsal ven- 
tricular wall and the transmission of the potential variations of this 
region to the left leg as in posterior myocardial infarction. In those 
instances in which the limb curves do not display left axis deviation, 
the ventricular complexes of Lead Vp are like those of the leads from 
the left side of the precordium or those of the leads from the lowest 
levels of the esophagus (Case 4, compare Lead Vp, Fig. 5, and Lead 
F59, Fig. 8). Whether these eases differ from the others because the 
long axis of the heart made a more acute angle with the frontal plane, 
or for some other reason, is not clear. It should be noted that there is 
no correlation between the inclination of the mean electrical axis of 
QRS in the limb leads and the form of the anomalous ventricular com- 
plex in the leads from the right side of the precordium; left axis devia- 
tion occurs in cases that belong to Group A (Case 1, Fig. 1), as well 
as in those that belong to Group B (Case 8, Fig. 10). Our observations 
suggest, however, that eases of the first group are more likely to display 
prominent S waves in Lead I and in tlie leads from the extreme left 
side of the precordium than are those of the second. 

Additional Cases of Group A; Comparison With the Type Case . — 
Cases 2, 3, 4, and 7 are members of Group A, and may be compared 
with the type ease of this group which has been discussed at length. 
The anomalous ventricular complexes in Case 2 differ from those in 
Case 1 in the following respects : there is no S deflection in either Lead 
I or Lead Vi, (Fig. 5) ; the R wave of Lead V^ is less distinctty bifid ; 
there is no S deflection in any of the precordial leads except Lead V^, 
and the R wave of this lead is veiy small (Fig. 6) . 

In Case 3 the limb leads do not show left axis deviation (Fig. 5), and 
the R wave of Lead Vi has only one peak (Fig. 6). Two sets of curves 
were taken iu this case, the first on March 17, 1942, before splanehnicee- 
tomy, and the second on Aug. 17, 1943, after this operation. The ex- 
tremity and preeordial leads reproduced here belong to the first set, 
and the other thoracic leads, to the second set. The differences between 
the two sets of tracings are of a minor kmd. Compared to the first, the 
second set of precordial curves exhibits a larger S wave in Leads V^ and 
Vp, smaller R deflections in Leads Vg to Vg, inclusive, and upright in- 
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doubt as to whether tliis case properly belongs in Group A. In the 
figures it has been placed ivith the cases of Group B. 

In Case 4 precordial leads were taken Nov. 13, 1942, as well as on 
Nov. 17, 1942. There are no significant differences between tlie two sets 
of tracings. The form of the ventricular deflections of the standard 
leads, however, was quite variable, and could be greatly modified by 
forced respiration. There was always a prominent S wave in Lead I 
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Fjg. S— Cai-es 1 and c. Unipolar esophageal leads. Compare with Fig. 3. 

but in some records the voltage of E. is more than twice as great as in 

. t^i (Fig. 5). 'Ihe very long QES interval, which measures 

at least 0.16 second, and tiie broad, deformed P waves of the limb leads 
raise the question as to whether anomalous atrioventricular e.xcitation 
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Stead of inverted T waves in Leads Y.^, V 5 , and Vq. The first set of 
leads from the back, the right axilla, and the right anterior chest wall 
differs from the second set in these particulars : there is a distinct S 
deflection in the lead from the left posterior axillarv line, the T wave in 
this lead is inverted instead of upright, and there is no S in Lead Y 3 R. 



In Case 7 precordial leads were taken on thi-ee occasions, June 19, 
1934, Jnly 9, 1934, and July 27, 1934. The second set of curves is re- 
produced (Fig. 11). In the others the ventricular complexes of Lead 
Ve have the same form, but those of Lead display a conspicuous S 
wave. In the third set this S is as large as the K. wave, and there is some 
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ponent which is such a prominent feature of the anomalous QES of 
Lead Vi in the type ease of Group A. It may be pointed out, however, 
that in Leads Yi and Vo the net area of the anomalous QRS is algebra- 
ically larger than the net area of the normal QRS. This is clearly 
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was the only, cardiac ahnormality present. The ventricular complexes 
of the thoracic and esophageal leads differ from those of the correspond- 
ing leads in the type case in minor particulars only (Figs. 6, 7, and 8). 
The premature component of QBS is positive instead of negative in 
the leads from the right anterior axiUary line, and there is a more 
conspicuous final R deflection in the leads from the right hack (Fig. T). 
In the leads from the lowest levels of the esophagus (Fig. 8) there is 
only one B wave and this component is much larger than in Case 1 
(Fig. 3). 

The Type Case of Group B . — Case 5 is a typical example of the 
cases of the second group. In this instance’ transitions from the normal 
to the anomalous cardiac mechanism could be induced by the Valsalva 
procedure. Strips of the standard extremity leads and the unipolar 
precordial leads which show both kinds of ventricular complexes are 
reproduced in Fig. 9. No other leads were taken. Both the normal and 
the anomalous ventricular complexes of the limb leads closely resemble 
the corresponding complexes of the same leads recorded in Case 1. It 
will be noted, however, that in Lead I there is no S component in either 
species of complex, whereas, in Case 1, there is a conspicuous S in both 
(Fig. 1). There are no significant differences between the type cases of 
the two groups as far as the deflections of the leads from the left side 
of the preeordium are concerned, with one possible exception. In Case 
1 there is a conspicuous S wave in tlie anomalous QBS group of Lead 
Vc; in Case 5 this component is absent. On the other hand, the two 
eases dift’er greatly as regards the form of the anomalous ventricular 
complexes of the leads from the right side of the preeordium (V^ and 
V,). In Case 5 the premature component is diphasic in Lead and 
very small in Lead Vo. There is a notch on the descending limb of the 
deep S wave of these leads. There is no trace of the final positive com- 
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Case 5. Intervals in Fig. 9. Measurements in Seconds 
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Key: 

a — anomalous; n — normal. 

Column 1 — measurement from beginning: of P to beginning of QRS. 
Colunm 2 — measurement from beginning of P to peak of Q. 

Column 3 — measurement from beginning of P to peak of JR. 
Column 4 — measurement from beginning of P to peak of S. 

Colunm 5 — measurement from beginning of P to end of QRS. 
♦Measurement to submerged R peak on descending limb of S. 
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normal, and that of the anomalous, complex bear the same relation to the 
P wave -within a few thousandths of a second. In the leads from the 
right side of the preeorditun the notch on the descending limb of S in 
the anomalous complex corresponds in time to the peak of E in the nor- 
mal QES complex. These measurements, like those of Table I, support 
the view that the His bundle transmitted impulses when the cardiac 
mechanism was anomalous as well as when it was normal. 

Group B; Additional Cases . — Case 6 is a much less striking example 
of Group B than that talven as the type. The S deflection is large in 
Leads and Ve, and there is no trace of a positive QES component 
at the end of the QES interval (Pig. 11). On the other hand, the 
premature component of QES is positive in both of these leads, and 
there is a small S deflection in Lead The ventricular complexes of 
the leads from the lowest levels of the esophagus are similar to those of 
the leads from the left side of the preeordium (Pig. 8) . 

In Case 8 the premature component is positive in all the precordial 
leads and there is a trace of a final upward deflection in the QES com- 
plexes of Leads Vj and Vo (Pig. 11). There is, however, no S wave in 
Lead Vs, and the chief QES deflection is downward in Leads Vj and 
Ve. The QES complexes of the leads from the right back, right axilla, 
and the right side of the anterior chest wall are quite different from 
those of the same leads in the cases of Group A (Pig. 7) , The premature 
component is negative in all of these leads, and there is no final E wave 
in any of them. These differences are mentioned, but since these leads 
were not taken in any of the other cases of this group, they may not he 
significant. 

In Case 9 there is a very deep QS deflection in Lead V^, and a deep 
S deflection in Leads V. and V3 (Pig. 11). The premature component 
is negative in the first of these leads and positive in the other two. There 
is no trace of a final E deflection in either Lead V^ or Vo, and there is 
no S wave in Lead Va. This case presents all the eharaeteidstics of the 
group. 

It will be noted that there is no S deflection in Lead I in any of the 
cases of Group B, although the position of the mean electrical axis of tlie 
anomalous QES complex varies gi'eatly from case to case. The absence 
of a prominent S wave in Lead V^ is also conspicuous (Pigs. 9 and 11). 
Although we suspect that the muscle on the dorsal wall of the heart that 
was activated prematurely was smaller in amormt or different in dis- 
tribution in the eases of this group tlian in those of Group A, there is 
not enough e-vudence bearing on this point to justify any conclusion. We 
must, therefore, consider whether the electrocardiographic differences 
between the cases of these two groups are dependent upon differences 
in the order of ventricular activation or upon variations in the position 
of the heart. The magnitude of the differences, as regards the form of 
the anomalous ventricular complexes of the leads from the right side of 
the preeordium, between Cases 1 and 4, on the one hand, and Cases 5 
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Table II gives, for each lead and for each type of complex, measure- 
ments of the interval from the beginning of the P wave to (1) the 
onset of the fii'st QES deflection, (2) the apex of Q, when this component 
is present, (3) the apex of R, (4) the apex of &, and (5) the end of the 
QES complex. The P-E interval of the anomalous beats appears to be 



roughly 0.04 second shorter than that of the normal beats, and the in- 
terval from the beginning of P to the end of the QES complex is ap- 
proximately the same for beats of both tj’pes. In the standard limb leads 
and in the leads from the left side of the precordium the E peak of the 
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and 9, on the other, is certainly opposed to the second supposition. This 
difference is particularly strildng -when it is borne in mind that, as re- 
gards the form of the normal ventricular complexes, Cases 1 and 5 differ 
only in very minor particnlai’s. We must, howevei’, remember that the 
effect produced by the position of the heart upon the ventricular deflec- 
tion must be dependent upon the character of the potential variations 
on the different aspects of the ventricular surface, and, consequently, 
that a given change in the position of the heart may give rise to con- 
spicuous changes in the ventx'ieular electrocardiogram, or no changes at 
all, depending upon the epicardial distribution of potential variations 
of one kind, as compared to the distribution of those of an opposite sort. 
On the basis of the data presented, it is not possible to accept or reject 
either of the two possibilities mentioned, but the observations described 
in a later section of this article indicate that the differences between the 
cases of Group A and those of Group B are due, at least in some measure, 
to differences in the order of ventricular activation. 



Fig. 12 . — Case 8. Leads I, II, and m. showingr both anomalous and normal complexes. 

OBSERVATIONS RELATING TO THE EFFECT OF ATKIOVENTRICUL.IR RHYTIHI 
UPON THE FORM OF THE VENTRICULAR COMPLEX IN ANOMALOUS 
ATRIOVENTRICULAR EXCITATION 

An accessory atrioventricular bundle, if it is regarded as a separate 
and distinct structure, and in no sense as a part of, or as connected with, 
the specialized atrioventricular system of the normal heart, can hardly 
transmit the excitatory process from auricles to ventricles when the 
cardiac rhytlun is under the control of a center in the lower levels of the 
atrioventricular node. Our working hypothesis, then, implies that in 
cases of anomalous atrioventricular excitation the ventricular complex 
must assume the normal form on the induction of atrioventricular 
rhythm of the kind in which ventricular excitation is simultaneous witJi, 
or precedes, auricular. We have not made an extensive search of the 



Jple. 11.— Cases 6, 7, 8, and 9. Precordial leads. Compare with Pig. 
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P wave is followed a slowly rising segment wbieli is apparently part 
of the QBS complex. If this interpretation is correct, the QES in- 
terval measures approximately 0.14 second, but if the segment in ques- 
tion is ignored, this interval does not much exceed 0.10 second. The 
abnormally long Q-T interval may be due to the administration of 
quinidine. The next two strips of record show a transition from sinus 
rhythm to atrioventricular rhythm. During this transition the ven- 
tricles were responding to the atrioventricular node, but some fraction 
of the auricular muscle was still responding to the sinus node, for that 
part of the P wave which remains visible retains its original form. In 
the fourth strip of record, no part of the P wave can be seen, and we 
may^ assume that when this record was taken all of the cardiac muscle 
was responding to the atrioventricular node. The final strip of record 
represents the re-establishment of sinus rhythm. The ventricular com- 
plexes I’eeorded during the ectopic rhythm differ significantly from those 
of the control tracing in two respects : they’^ display a somewhat shorter 
QRS interval and a definite Q deflection. It will be noted that Q did 
not appear as long as any trace of the original P wave preceded the 
QRS complex, and the reason for this is obvious. On the other hand, the 
reduction in the size of S which occui-red simultaneously with the ap- 
pearance of Q is difficult to understand. If it were due to the change in 
the location of the ventricular pacemaker it should have occurred when 
the ventricle began to respond to the atrioventricular node. It is prob- 
able that the change in the size of this component has no important 
significance, for it did not occur Avhen atrioventricular rhydhm wms in- 
duced by carotid sinus stimulation after the administration of atropine. 

The results of this experiment are somewdiat equivocal, for the. ven- 
tricular complex neither retained its original outline nor assumed an 
entirely normal appearance when atrioventricular rhythm developed. 
We have already’’ mentioned reasons for suspecting that anomalous 
atrioventricular excitation Avas not solely responsible for all of the 
electrocardiographic peculiarities in this ease. We do not, therefore, feel 
justified in concluding that the ectopic rhythm failed to abolish those 
that can be justifiably ascribed to it. 

A most interesting case, the last of our series, and one of those studied 
by Heeht, at the William J. Seymour Hospital, remains to be described. 
The patient was under observation for a long period, and many electro- 
cardiogi-ams Avere taken. We shall describe and illustrate only the more 
significant. 

The anomalous QRS complexes of the limb leads (Pig. 15, a and h) 
and those of the leads from the left side of the precordium (Leads 
Vs, and Vo, Pig. 14) have the same general contour in all records. The 
former exlubit pronoimeed left axis deviation, and the latter differ in no 
significant Avay from the QRS complexes of the same leads in the other 
eases of our series. On the other hand, the foi-m of the QES comple-xes 
of the leads from the right side of the precordiiun is very variable (Pig. 
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literature, but two cases: of anomalous atrioventricular excitation in 
wliich atrioventricular rhythm of this sort was obseiwed have come to 
oui’ attention. One of these -was reported by Fox, Travell, and 
Molofsl^ 5 ^“ and the other by Aixala.^^ The. ventricular complex was 
of the normal form during the. atrioventricular rhythm in both of these 
cases. The authors who reported them did not comment upon the pos- 
sible significance of their observations on this point. 



Fig. 13. — Case 4. The effect of atrioventricular nodal rhythm upon the form of the 
anomalous ventricular complex in Lead II. 


Ill Case 4 of our series, atrioventricular rhythm of the kind in which 
the P wave is buried in the QES complex was observed on two occasions. 
On the first, it appeared when the patient inhaled amyl nitrite approxi- 
mately three hours after the administration of 0.6 Gm. of quinidine 
sulfate. Up to that time the latter had had no noticeable effect upon 
the cardiac mechanism. On the second occasion it was induced by 
carotid sinus stimulation .approximately eight minutes after the hypo- 
dermic injection of. 0.0013 Gm, of atropine sulfate. Thirty minutes 
after this injection the same procedure was no longer effective. The 
occurrence of atrioventricular rhythm after the inhalation of amyl 
nitrite is illustrated in Fig. 13. In the control record a broad, notched 
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14) . In the tracing taken March 5, 1941, Leads V^, V,, and Vg display 
large QS deflections, notched in the last of these leads by an embryonic 
R wave near the end of the QRS interval (Fig. 14, a). In the limb 
leads of the same date the P waves differ from those of the first electro- 
cardiogram, dated Feb. 27, 1941, in that they are small in Lead II and 
inverted in Lead III. The curves of Nov. 3, 1941 (Fig. 14, 6), show a 
large QS deflection in Lead Vg and a polyphasic QRS complex in Lead 
Vo. In the other preeordial leads QRS is represented by a broad R 
wave, slurred at the base of its ascending limb. Esophageal tracings 
taken on the same date show large QS deflections in the lead from the 
auricular level, and complexes like those of the leads from tiie left side 
of the preeordium in Leads E^q and Egg, In the records of Dec. 31, 
1943 (Fig. 14, c), the chief QRS deflection is upward in aU of the pre- 
cordial leads, including Ve; in the leads from the left side of the pre- 
eordium the R Avaves are much taller than in the previous records, and 
the T Avaves are inverted. It is unlikely, if not impossible, that these 
pronounced variations in the form of the A'entriculai’ complexes of tlie 
precordial leads could have been due solely to variations in the position 
of the heart or to errors in placing the exploring electrode. 

By Dec. 29, 1943, the patient’s mental condition had deteriorated to 
such an extent that it Avas necessary to administer sodium amytal in a 
dose of 0.25 6m. (3% gi-ains) to obtain satisfactory electrocardiograms. 
In some of the records taken on that day, and subsequently, the P deflec- 
tions are upright in all of the standard limb leads ; in others they are in- 
verted in Leads II and III (Fig. 15, a and &). We shall assume that P 
Avaves of the fii-st type represent normal sinus rhythm, and those of tlic 
second type, a homogenetic rhythm arising in the upper levels of the 
atrioventricular node. Whether or not this assumption is justifiable 
is of no consequence, if it is admitted that the centers responsible for 
the tAVO rhythms differed in location. Unfortunately, one rhjdhm can be 
distinguished from the other only in Lead ll. Lead III, or-a lead from 
the auricular levels of the esophagus. We are, therefore, not able to say 
whether or not the variations in the form of the ventricular complexes 
exhibited by the records we have already described Avere due to varia- 
tions in the location of the cardiac pacemaker. We mention this because 
other records shoAV clearly that the character of the auricular rhythm 
exerted an important influence upon the form of the ventricular deflec- 
tions of the leads from the right side of the pi’ccordium. It had only 
minor effects upon the outline of these deflections in the other leads em- 
ployed. 

On Dee, 29, 1943, a rather extensive exploration of the potential varia- 
tions of the thorax Avas carried out. In the limb leads of that date the 
P Avave is inverted in Leads II and III, but it is not certain that atrio- 
ventricular rhythm Avas continuously present during the period required 
to take all of the many unipolar leads employed. In the leads from the 
left margin of the sternum, from the left midelavicular line, and from 
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tlie lead taken with the exploring electrode in the fifth intercostal 
space at the right sternal margin, the ventricular complex is of the same 
form as in the leads taken from points farther to the left. In the other 
leads the E component is largest in comparison with the Q deflection in 
those from the second intercostal space, and is either smallest or absent 
in those from the fifth intercostal space. In the leads from the right mid- 
axillaiy line and right anterior axillary line (level of the fourth and 



. — Case 10. a. Transition from atrioventricular rhvthm arisinir in the UDDCi 

evels of the atrioventricular node to sinus rhythm; precordiaL llad Vi tSk^ simul 

synenhrln esophagus, h. Taken after neo 

lower levels of the atrio 

ventricular node (QRS followed by a. p wave) ; lead from tlie auricular level of tiu 
esophagus taken simultaneously with L»ead Vf. c. Lead from the auricular level oi 
the esophagus ^ken simultaneously with precordial Lead Vj : the first strip show^ 

nodt? *^ame*as wifh^ |n the upper levels of the atrioventriculai 

none, d, same as b, hut with camera running at a slower speed. 


fifth intercostal space), the QRS complex is represented by a QS 
deflection. In the leads from tlie left posterior axillaiy line and 
the left midscapular line (level of the fifth intercostal space), the 
QES complexes are like those of the leads fifom the left side of 
the preeordium. In the lead from the left paravertebral line, at tbe 
same le\el, QRS consists of a broad R, followed by a small S wave. In 
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a line halfway between the two (levels of the second, third, fourth, and 
fifth intercostal spaces) , the QKS deflections are represented by a broad 
R wave which is slurred near the base of its ascending liinb. In the 
leads from the right sternal margin, the right midclavicular line, and a 
line midway between the two (levels of the second, third, fourth, and 
fifth intercostal spaces), the QRS complex consists of abroad QS deflec- 


tion, or of a Q followed by an R wave, with one notable exception. In 



Pig'. 15. — Case 10. Transition from sinus to atrioventricular rhythm arising 
in the upper levels of the atrioventricul-ar node. Transition from atrioventricular 
rhytlim arising in the upper part of the atrioventricular node to sinus rhythm, c. 
Taken after neosynephrin. Complexes 6 and 7 represent heats arising in the lower 
levels of the atrioventricular node ; QRS is followed by an inverted P wave. Complex 
3 is of the same type except that no P wave is visible. Complex 1 represents a beat 
arising in the higher levels of the atrioventricular node ; the ventricular complex 
is anomalous. Complex 4 is transitional in form between Complex 1 and Complexes 
•3, G, and 7. The remaining beats are ventricular extrasystoles, d. Complexes 1 3 
and 4 represent beats arising in the lower levels of the atrioventricular node ; in ’the 
precordial lead (Vi), QRS is followed by an inverted P wave. Complexes 2 5, and 
6 represent ventricular extrasystoles. Complex 7 in Vt resembles beats of ciuestionable 
origin (see text), except that the QRS complex is triphasic instead of consisting of 
a broad, notched R. Note that the ventricular complexes of the atrioventricular 
beats are of the normal form. 
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7, 1944, either when the auricular rhythm Avas normal or Avhen it Avaa 
ectopic (compare Fig. IS AAUth Fig. 17). Aether these apparently spon- 
taneous changes in the form of the ventricular complex AA'ere produced 
by variations in the order of ventricular activation or by A^ariations in 
the position of the heart or in the placement of the exploring electrode 
is unceifain. Since they have no important bearing upon the problems 
under consideration, Ave call attention to their oceuiTenee Avithout 
further comment. 

It Avill he noted that in every uistance the effect of the onset of atrio- 
A-enti'icular rhythm upon the QES complexes of the leads in question 
AA'as to make t]iem more like those characteristic of Group A and less lilce 
those characteristic of Group B. When the QRS complexes of the sinus 
rhythm AA^ere represented by broad QS deflections in leads from the 
margins of the sternum or in Lead Ve, they acquired a conspicuous final 
R deflection AA'hen the pacemaker shifted to the atrioventricular node 
(Fig. 17), In Lead V,, a QRS group of the rS form became a broad, 
notched R AA-aA'e Avhen atrioventricular rhythm developed (Fig. 17). In 
the records of Fig. 18 (Leads Ve, V„ and V.) the change is in the same 
direction, although here it is more the magnitude than the character o! 
the components that is altered. Transitions recorded at a faster camera 
speed are reproduced in Fig. 19. These records are particularly interest- 
ing because they demonstrate beyond question (1) that the changes 
under consideration involved the form of the premature component of 
QRS; and (2) that AA'hen the pacemaker shifted the QRS complex did 
not acquire its iicav shape abraptly, for complexes intermediate in form 
betAveen those characteristic of the sinus rhythm and those characteristic 
of the atrioventricular rhythm are clearly depicted. 

On one oecfision, abrupt, but otherAvise similar, changes in the contour 
of the QRS complex Avere observed Avhile sijius rhythm Avas continuously 
present. On Jan. 7, 1944, quinidme sulfate (0.47 Gm.) Avas gh^eri 
intruA'enously at 12:10 p.ai. During the next thirty minutes the limb 
leads shoAved a pronounced arrhythmia, an increase in heart rate, and 
some modification of the A’entriculai' complexes. Changes in the location 
of the pacemaker Avere frequent, and these produced efteets comparable 
to those alreadA'" described. No changes in auricular rhythm Avere re- 
corded in the chest leads taken during this period. At 12 :40 p.m., Iioaa'- 
CA'er, a record of Load V^, taken simultaneously Avith Lead III, shoAved 
changes in the character of the ventricular complexes, even though sinus 
rhytlmi Avas continuously present (Fig. IS). At the beginning of this 
record the QRS group of the chest lead consists of a broad, notched R, 
but from time to time tAvo or three QRS complexes in succession are 
represented by broad doAA-nAvard deflections, folloAved by a small R com- 
ponent. In later parts of the ti’acing the number of complexes of the 
second type rapidly increases, and those of the first type disappear. 

On Dec. 31, 1943, and on Jan. 7, 1944, records Avere taken after the 
intravenous injection of neo.syiiephriji (O.lu mg. on the fust date and 
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tlie leads from the seventh dorsal spine and from the right paravertebral 
and right scapular line at the level of this spine, the QRS group is repre- 
sented by a QS deflection of small voltage. Transitions from sinus to 
atrioventricular rhjdhm, or the reverse, are shown in Pig-s. 15, 16, IT, IS, 



Pig. 17. — Case 10. Transitions from sinus rhythm to atrioventricular rhythm aris- 
ing in. the upper levels of the atrioventricular node, or vice versa. Precordial leads 
taken on Jan. 7, 1944. 


and 19. In the limb leads (Fig. 15, a and 5) the development of the 
ectopic rhythm was accompanied by a slight reduction in the voltage of 
the chief QES deflection in Leads I and III; in the leads from the 
auricular levels of the esophagus it produced no noticeable change in the 
form of the QRS complex (Fig. 16). In Leads Ve, Vi, and Vo (Pigs. 
17 and 18), however, its effect upon the character of the ventricular 
deflections was pronounced. It will be noted that the ventricular com- 
plexes of these leads varied in form independently of the location of the 
pacemaker; they were not of the same form on Jan. 11, 1944, as on Jan. 
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beats are immediately followed by inverted P waves both in Lead 11 
and Lead III. In other instances the initial QRS component is pre- ' 
ceded by a conspicuous dip, which apparently represents the first limb 
of an inverted P wave which is partly superimposed upon the ventricular 
deflections. In still others no trace of a P deflection is visible. There 
is also one ventricular complex which is intermediate in form between 
those that represent anomalous, and those tliat represent normal, atrio- 
venti-ieular excitation (fourth complex, Fig. 15, c). The later sections 
of the record show shoit runs of extrasystoles represented by ventricular 
complexes of variable form, folloAved presently by the return of tlie 
original cardiac mechanism. On the second occasion, similar, but some- 
what more complicated, changes in the cardiac mechanism followed the 
injection of the drug. jMost of the records show Lead I and Lead Vj, 
taken simultaneously, but there is also a tracing of a lead from the 
auricular level of the esophagus, taken simultaneously with Lead Vp. 
At the beginning, sinus rhjflhm is present and the QKS complex of Lead 
Vi is represented by a broad QS deflection. Some seconds later the pace- 
maker shifts to the upper levels of the atrioventricular node, and. this 
complex display's a broad Q followed by a small R wave. Then extra- 
systoles begin to occur, and there are fx’equent transitions from atrio- 
ventricular rhythm to sinus rhythm and back again (Pig. 16, a and c). 
Presently Ave come to a strip of record in which two or more beats in 
succession are represented by ventricular complexes of the normal form, 
not accompanied by visible P Avaves. In this same strip of i*ecord there 
are beats AA^hieh are similarly spaced, but represented by ventricular com- 
plexes of still another form. In Lead the QES group consists of a 
broad, deeply notched R ; the first peak of this deflection is less than half 
as high as the second. In Lead I the QRS complex is like that of the 
beats of sinus origin^ but of smaller voltage, and no P AA^ave can he 
made out. It may be that these beats Avere of ventricular origin, for, 
in parts o£ the record, they are irregularly spaced and occur in rapid 
suece.ssion. In other sections of the record there are beats represented 
b}'' normal A’entricular complexes AA’hich display, in Lead an inA’’erted 
P Avave immediately following the QRS complex (first, third, and 
fourth complexes, Pig, 15, d). Beats of similar origin Averc recorded 
in a lead from the auricular level of the esophagus (Pig. 16, h and d). 

These obseiwations demonstrate that the Ilis bundle and its branches 
were capable of functioning, and that impulses arising in the lower 
levels of the atriovmntrieular node spread to the auricles and to the 
v'entrieles in the normal manner. 

Do the observed eftects of atriov'entricular rhythm upon the foim of 
the ventricular complex support our vv'orking hypothesis or are they 
in conflict with it? Let us examine certain implications of this hvpoth- 
esis which vv'e have not had occasion to consider heretofore. If an 
aceessoiy atidov'entricular bundle is present, the excitatory process may 
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0.12 mg', on the. second). On the first occasion standard limb leads were 
employed. Before the drug was given, atrioventricular rhythm of the 
kind already described was present. The earliest effects of the drug 
were slowing of the lieart rate, variations in the location of tlie pace- 
maker, and arrhythmia due to ventricular extrasystoles. There are 



Fig. 18. — Case 10. a, h, c, and d. Transitions from sinus rhythm to atrioventricu- 
lar rhythm arising in the upper levels of the atrioventricular node. Precordial leads 
taken simultaneously with a standard limb lead on Jan. 11, 1944. e. Variations in 
the form of the ventricular complex after the intravenous administration of quinidine 
when sinus rhythm was continuously present (Jan. 7, 1944). 


short strips of record in which aU of the beats, and others in which all 
of the beats other than those which are obviously ventricular extra- 
systoles, are represented by ventricular complexes of the normal form 
(Pig. 15, c). In the majority of instances the QES deflections of these 
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spread to the ventricle both by the anomalous and by the normal route. 
Under these circmnstanees the place or places where ventricular excita- 
tion begins, and hence the form of the ventricular* complex, will be 
detei-mined by two factors: (1) the order in which the auricular ends 
of the two atrioventricular bridges pass into the excited state, and (2) 
the transmission times of the two atrioventricular bridges, and par- 
ticularly the ratio of the transmission time of one to that of the other. 
The brenty of the P-R inteiwal and the form of the ventricular com- 
plex in anomalous atrioventiaeular excitation requires us to suppose 
that the transmission time of the anomalous, is much shorter than that 
of the nonnal, pathway. In that ease variations in the eonductivitj’ of 
either or both of the atrioventricular connections will not, unless they 
are vei*y pronounced, prevent premature activation of the ventricles by 
the anomalous x*oute, and will not, therefore, alter the form of the earlier 
fractions of the premature component of QRS. They 'will, however, 
change the relative magnitude of the anomalous and the normal com- 
ponents of this complex. In this connection we may mention the work 
of Fox, Travell, and Molofskj^^ who showed that the administration of 
digitalis in a case of anomalous atiaoventricular excitation may be fol- 
lowed by a pronounced increase in the duration of the QRS defleetion.s, 
and that this effect is abolished by atropine. They attributed the altera- 
tions in the QRS brought about by these drugs to their well-known 
effects upon the conductivity of the atrioventricular node. "We have 
examined the reproductions of their tracings and are not able to say xvith 
certainty that the form of the earlier fractions of the premature com- 
ponent either did or did not change in their experiments. 

It is clear that the location of the pacemaker, by its eft’ect upon the 
order of auricular activation, may determine which of the two pathways 
the impulse reaches first, and consequently influence the fom of the 
ventricular complex in the same way and to the same extent as minor 
variations in their transmission times. Let us now assume that there are 
two accessory pathways, with approximately equal transmission times 
much shorter than that of the normal atrioventricular node and bundle. 
Under these conditions both the relative condixctivity of these pathways 
and the location of the pacemaker will exert a profound influence upon 
the contour of the QRS complex as a whole, and also upon the form of its 
premature component by determining when and where venti*icular 
excitation begins. Since active muscle is refractory to excitation, it may 
even happen that the excitation wave transmitted by one bundle will 
prevent the arrival of that transmitted by the other. 

It seems to us, then, that our obsex’vations are not in conflict with tlie 
h 3 *pothesis that anomalous atrioventricular excitation depends upon the 
existence of one or more accessory atrioventricular bundles, if all of the 
implications of this hypothesis are carefully considered. We may sup- 
pose that, in Case 10, two bundles of this kind were pi’csent ; that the 
changes in the form of the ventileular complex which accompanied the 




Pig. 19. — Case 10. Transitions from atrioventricular rhythm arising in the upper levels of the atrioventricular noi 
v'ice versa (b and c), taken with the camera running at a speed of 75 mm. per second. Precoi'dial leads taken simultane 
Xiead II. Note the transitional form of the third complex in a and of the corresponding complex in c. 
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unlikely that this played a part in determining the differences dependent 
upon the location of the pacemaker in Case 10. If these inferences are 
justifiable we must suppose that, in the cases of Group A, the ventricular 
end of the hypothetical accessory bundle was not in precisely the same 
location as in the eases of Group B, and, finally, that, in Case 10, tlune 
were two accessory bundles, one similar to that present in the cases of the 
first group and one similar to that present in the second. 

P-VROXySlI-UL. TACHYCARDIA IN ANOilALOUS ATRIO\’ENTRICULAR EXCIl’ATIOX 

Of the various types of paroxysmal rapid heart action that have 
been observed in cases of anomalous atrioventricular excitation, simple 
paroxysmal tachycardia of supraventricular origin is by far the most 
common. Its actual frequency is difficult to estimate, because relatively 
few eases of anomalous excitation in which cardiac symptoms are lacking 
are discovered. 

Many yeais ago, Mines'® produced circus contraction in rmgs of 
muscle cut from reptilian hearts in such a way as to include auricular 
and venti-icular tissue and two atrioventricular junctions. The circulat- 
ing excitation waves set up in these rings spread through the auricular 
and ventricular segments in succession, crossing one junction in the 
normal, and the other in the opposite, direction. It was suggested by 
the expeiumenter that paroxysmal tachycardia in man might be cine 
to a similar mechanism. 

The hypothesis that anomalous atrioventricular excitation is due to the 
presence of an aceessoiy atrioventricular bundle has revived interest in 
^Mines’ conception of the nature of paro.xysmal tachycardia. The hyi) 0 ' 
thetical anomalous, and the normal, atrioventricular bundle provide the 
two atrioventricular junctions present in his e.xperiments, and it has 
been postulated that, under proper conditions, an impulse might pass 
from the auricles to the ventricles by way of the atrioventricular node 
and bundle, and, by returning to the auricles via the anomalous bridge, 
initiate circus contraction. This is a plausible hypothesis, but as yet no 
direct evidence pointing to the existence of the postulated mechanism 
in an observed attack of paroxysmal tachycardia has appeared. We 
.shall, therefore, call attention to some peculiarities of the paroxysms 
I’eeorded in one of the ciises of oiu- series. 

In some of the electrocardiograms taken in Case 7 there are extra- 
systoles represented by QRS complexes of normal outline which are im- 
mediately followed in Lead I by an inverted, and in Lead III by an 
upright, P wave (Fig. 20, e). Tlie paro.xysms of tachycardia appear 
to be made up of a rapid succession of beats of this type (Fig. 20, c and 
d). On two occasions the on.set of a paroxysm was recorded (Fig. 20, 
a and b). In both instances the complexes of the beats of sinas origin 
^vhich immediately precede tiie ectopic rhythm are of the anomalous type. 
The first ectopic beat is represented by ventricular deflections of more 
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onset of atrioventricular rhythm in this ease were due to the effect of the 
order of auricular activation upon the time when excitation of the 
auricular end, of each of these bundles began; and that the changes in the 
form of the ventricular complex which occurred independently of 
changes in the location of the pacemaker after the administration of 
quinidme were dependent upon unequal changes in the transmission 
times of the two pathways brought about by this drug. 

It is possible that the changes in the ventricular complex that accom- 
panied the onset of atrioventricular rhytlun may be satisfactorily ac- 
counted for in another wa}'’. It is Imown that transitions from sinus 
rhythm to atrioventricular rhythm are sometimes accompanied by 
alterations in the ventricular complex even when the ventricles are 
activated in the normal manner. As far as we know, such changes are 
ordinarily of very small magnitude, and have been described only in 
connection with ectopic rhjdhms arising in the lower levels of the atrio- 
ventricular node. An isolated instance in which the onset of a rhythm 
of this sort was associated with very strildng modifications of the ven- 
tricular deflections in standard limb leads has, however, been reported.- 
This phenomenon is apparentl}’- due to imperfect distribution of the 
excitation process to all of the fibers of the His bundle. The occurrence 
of reciprocal rhythm in association with a low atrioventricular pace- 
maker is further evidence that cross conduction in the His bundle may 
Im limited, and that this structure and the atrioventricular node do not 
always function as a single, uncomplicated channel for the transmission 
of impulses. Nevertheless, we doubt very much whether faulty cross 
conduction in the His bundle played an important role in the production 
of the phenomenon under consideration. In the first place, it is difficult 
to understand why the His bundle and its subdivisions should conduct 
normally when the ectopic center was on the ventricular side of the 
junctional tissues, and abnormally when this center was in the upper 
part of the atrioventricular node. 

The other evidence bearing upon this problem is of an indirect kind. 
"We have pointed out that the differences between the anomalous ven- 
tricular complexes associated uith the more common of the two atrio- 
ventricular rhythms observed, and those that represent I’esponses to the 
.sinus node are similar in character to the differences between the 
ventricles complexes recorded in the cases of Group A and those recorded 
in the eases of Group B. In both instances these differences were pro- 
nounced in the leads from the right side of the precordium, and slight 
in the leads from the left side of the precordium and from the auricular 
levels of the esophagus. It is evident that, in Case 10, they were de- 
pendent upon differences in the order of ventricular activation. We 
infer that the differences between Group A and Group B had a similar 
origin. On the other hand, there is no reason to suspect that the differ- 
ences between these two groups of cases were in any way dependent upon 
faulty cross-conduction in the His bundle, and, consequently, it seems 
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node. The unusual character of tlie P waves led us to consider another 
possibility. Suppose that the path through the atrioventricular node 
was blocked when the ectopic impulse was liberated, and that the peculiar 
P waves represent auricular e.xeitation by impulses conducted from 
the ventricles to the aui’icles via the anomalous bundle. In that case the 
excitatory process could return to the ventricle by the normal route, 
and thus initiate a paroxysm. It has been pointed out that, at the begin- 
ning of a paroxysm, there was evidence of aberrant intraventricular 
conduction. To explain this we may postulate that the junctional or 
ventricular tissues had not, as a rule, recovered completely at the time 
when the ectopic impulse was liberated. As a result, many extrasystoles, 
followed by retrograde stimulation of the auricles via the anomalous 
path, failed to initiate a paroxysm, and, when a paroxysm was initiated, 
there was aberrant conduetion until the refractory period of these 
tissues shortened in response to the reduction in cycle length. Even 
during some of the longer paroxysms there was alternation of the form 
of the ventricular complex, indicating that intraventricular conductivity 
was depi'essed (Pig. 20, d). It should also be mentioned that in many 
instances the ventricular complexes of the single extrasystoles were not 
accompanied by P waves, indicating that retrograde stimulation of the 
auricles often failed. 

We record these observations not because we consider them important 
evidence bearing on the problem at issue, but in the hope that those to 
whom the opportunity may come will make a careful study of the mecha- 
nism of the paroxysms of tachycardia that occur in cases of anomalous 
atrioventricular excitation from the point of view expressed. We 
frankly admit that the suggested interp.retation of them is highly 
speculative, and that it does not explain the unusual P Avaves upon Avhieli 
it is based raucli more satisfactorily than the more conventional one. 

I'UBTHEB DISCLASSIOX AXD CONCLUSIONS 

Since anomalous atrioventricular excitation is a rare and relath'ely 
innocuous condition, it is not of majoi’ importance from the purely 
clinical standpoint. We do not, hoAvever, believe that this anomaly 
should be completely ignored by military and insurance examiners as 
without bearing upon the health or life expectancy of those Avho exhibit 
it. The paroxysms of tachycardia to Avhieh such persons are predis- 
posed may certainly lead to death, and there is no reason to suppose that 
they may not also giA'e rise on occasion to sudden giddine.ss, faintness, or 
syncope. In the pilot of an airplane, symptoms of this kind could re- 
sult in disaster. Nor docs the lack of a histoiy of such paroxysms in the 
past neee&sarily mean that they Avill not occur in the future. It Avould 
seem Avise, therefore, to look upon this condition as always involving 
such hazards as attaelcs of exti’cmely rapid heart action entail. 

The importance of this disorder and the interest it has ax’oused among 
cardiologists depend, however, not upon its clinical implications, but 
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normal outlme, but tlie ventricular complexes of the first few paroxysmal 
beats differ considerably in form from those that follow them. The 
differences are of the kind usually attributed to aberrant intraventricular 
conduction. Since the first QES complex of the abnormal rhjdhm is not 
preceded by a P wave, the ectopic rhythm must be ascribed to impulses 
arising in the lower levels of the junctional tissues. It is possible that 
the impulses responsible for the paroxysmal beats, as well as those that 







Pig. 20. — Case 7. a and b. Onset of paroxysmal tachycardia on two different oc- 
casions. c. Paroxysmal tachycardia on June 20, lOSl ; note negative P waves in 
I.ead I and upright P waves in Lead III. d. Paroxysmal tachycardia on June 19, 
1934. There is alternation of two types of ventricular complexes ; compare with e, 
in which similar types of ventricular complexes represent extrasystoles of atrioven- 
tricular origin. 

provoked the single extrasystoles, reached tiie auricles by the same route 
as in ordinary atrioventricular rhythm. The sole objection to this 
supposition is that it does not explain wiiy the P waves are inverted 
in Lead I and upright in Lead III, and not the reverse, as is almost al- 
ways, if not invariably, the case when the auricles are activated by the 
retrograde transmission of an impulse through the atrioventricular 
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rived from the invaginated atrial canal was observed by I\Iall in human 
embryos. 

It is logical to suppose, then, that any accessory bundle in the 
human heart must represent some remnant of the invaginated auricular 
canal. One difficulty with this supposition is that the electrocardiograms 
of fish, amphibians, and reptiles, and of the chick embryo display a 
conspicuous P-R interval®^ which, in comparison with the other intervals 
of the curve, is not very different from that of the normal human eleetro- 
cardiogi’am. Why, then, should an accessory bundle derived from the in- 
vaginated auricular canal conduct the cardiac impulse ivith much 
greater speed than the normal atrioventricular bridge? Eckey and 
Schafer-- have ascribed the anomalous component of QES in eases of the 
Wolff-Parkinson- White syndrome to the action currents of remnants of 
the original atrioventricular funnel persisting in the fully developed 
heart. Without considering other objections to this hypothesis, we may 
point out that the component in question seems much too large to be 
accounted for in this way. 

Of the various hypotheses that have attributed anomalous atrio- 
ventricular excitation to a physiologic, rather than a structural, anomaly, 
the one that deserves most serious consideration is that which ascribes 
this disorder to the direct stimulation of ventricular fibers by the action 
currents of adjacent auricular muscle. Attempts to excite the ventricles 
to contraction in this way in experiments on animals have thus far failed, 
but if it should be proved possible, an anomaly of this kind would ac- 
count as well as a hypothetical accessory muscular bridge for all of the 
phenomena observed. It should be noted, however, that observations 
pointing clearly to the presence of partial block in the accessoiy pathway 
would greatly strengthen the view that the anomaly is structural. 

In our opinion, there has not yet been advanced any tenable hypoth- 
esis which ascribes electrocai’diogi*ams of the kind under consideration 
to anomalies that involve no part of the heart other than the normal 
junctional tissues. To be satisfactory, any hypothesis of tliis sort must 
explain the folloiving observations relating to electrocardiogi’ams of this 
type: (1) the QRS complex seems to be made up of a normal com- 
ponent, which begms at the normal time, and an anomalous component 
wliich begins several hundredths of a second earlier; (2) the precordial 
electrocardiogram is veiy different from the precordial electrocardio- 
grams obtained in bundle branch block, complete or incomplete, right or 
left; (3) the form of the ventricular complex, including that of the 
premature component of QRS, is sometimes determined by the order of 
auricular excitation ; (4) when two pacemakers, one in the sinus node 
and one in the upper levels of the atrioventricular node, are sending 
out impulses almost simultaneously, QRS complexes transitional in form 
between those characteristic of the sinus rhytlun and those characteristic 
of the atrioventricular rhythm may occur. This observation implies 
that in one and the same cycle two supraventricular impulses may reach 
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upon its bearing on onr conceptions of tlie mechanisms responsible for 
the normal sequence of auricular and ventricular contraction and the 
interval which separates them. We must ask ourselves whether it is 
possible to explain satisfactorily the electrocardiographic anomalies 
which characterize it without revising ideas concerning these mecha- 
nisms that seem to rest upon a solid experimental foundation. We refer 
particularly to the belief that in the normal mammalian heart the cardiac 
impulse is transmitted to the ventricles by the successive activation of 
the components of a specialized muscular or neuromuscular pathway, 
consisting of the atrioventricular node, the His bundle, and the sub- 
divisions thereof. There is abundant experimental evidence that section 
of this bundle or of both its right and left branches produces complete 
atrioventricular dissociation. The action currents of these structures 
and of the node have, however, never been recorded, and there is no 
direct evidence available as to exactly what happens to the cardiac im- 
pulse in the latter. 

We must suppose that the electrocardiogi-aphic peculiarities en- 
countered in the syndi'ome under consideration depend upon an anatomic 
or a functional anomaly. Unless we abandon our present conceptions, 
any anomaly of the first sort must involve either (1) the existence of 
one or more muscular or neuromuscular accessory bridges extending 
from the auricular to the ventricular myocardium, or (-2) some struc- 
tural peculiarity of the atrioventricular node, bundle, or bundle branches. 
These two possibilities are not completely distinct, for it matters little 
whether the accessory channel for the transmission of impulses is widely 
separated from, or lies within, the same sheath as its fellow. With 
reference to the manner in which an accessory bundle might arise 
in the course of the heart’s development, we may refer to observations 
on the junctional tissues of the embryonic mammalian heart and of the 
mature heart in lower orders of animals made by Keith and Flack,'* 
Keith and Mackenzie,'® Mackenzie,'® and Mali.®® 

According to these authors, the mammalian atrioventricular bundle is 
derived from the invaginated portion of the auricular canal. Portions 
of this funnel atrophy as the lateral endocardial cushions, which form 
the parietal aurieuloventricular valves, develop. In some fish the ring 
is; inteiTupted at two points, so that the funnel is replaced by two 
strands. When the single ventricle of the lower forms is divided into 
two chambers, that part of the funnel which lies on the left side entirely 
disappears, so that the connection between auricular and ventricular 
muscle is present only on the right side. This reduction continues 
until, in the mammal, only the His bundle remains. In the monotreme 
echidna there is, in addition to an atrioventricular bimdle similar to 
that of mammals, another leash of tissue which descends to the ven- 
tricles in the posterior angle between the parietal and septal valves on 
the right side. The. sequence of changes by which the His bundle is de- 
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.ADDENDUM 

The monograph of Richard F. Ohnell, entitled Pre-Excitation, A 
Cardiac Abnormality, Stockholm, 1944, P. A. Norstedt & Soner, was 
not available when this article tvas written. In one of Ohnell ’s cases 
eai’eful histologic examination of the atrioventricular junction dis- 
closed an accessory atrioventricular bundle about 6 mm. long which 
connected the myocardium of the left anrienlar wall with the subepi- 
cardial myocardium of the left ventricle. This bundle was dorsal to 
the mitral orifice and about 4 cm. from the ventricular septum. An 
accessory bundle of this sort could e.xplain the occurrence of electro- 
cardiograms of the kind obtained in eases which we have placed in 
Group A. 
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the Yentricles ^Yitho\lt interfering one ^vithL the other; (5) when the 
pacemaker shifts to the. lower levels of , the junctional tissues, the 
ventricular complex assumes the normal form. This suggests that 
anomalous atrioventricular excitation is impossible when ventricular 
excitation occurs simultaneously with, or precedes, auricular. It seems 
to us that any hypothesis that can satisfactorily account for these 
phenomena must provide more than one distinct channel for the trans- 
mission of impulses from auricles to ventricles. 

CONCLUSIONS 

The form of the ventricular complex in unipolar leads from the 
esophagus, precordium, and other parts of the thorax suggests that, in 
anomalous atrioventricular excitation, the dorsal wall of the ventricles 
is activated prematurelj’’ by impulses of supraventricular origin. There 
is evidence also that the normal atrioventricular node and bundle con- 
tinue to function in this condition. 

There are two types of cases, which differ as regards the form of the 
ventricular deflections in leads from the right sternal margin and 
adjacent parts of the right side of the thorax. The differences between 
these two tj’pes of eases are due, at least in part, to differences in the 
order of ventricular activation. 

The anomalous ventricular complex assumes the normal form when 
the pacemaker shifts to the lower levels of the junctional tissues. 

In some cases the location of the auricular pacemaker determines the 
form of the premature component of the QRS group, as well as that of 
the anomalous ventricular complex as a whole. 

Our observations support the view that, in this disorder, impulses 
pass from the auricles to the ventricles not only. by way of the atrio- 
ventricular node and His bundle, but by one or more additional channels. 


REFERENCES 

1. Wolff, L., Parkinson, J., and White, P. D.: Bundle Branch Block With Short 

P-E Interval in Healthy Young People Prone to Paroxysmal Tachycardia, 
Am. He^irt J. 5: 685, 1930. 

2. Wilson, P. N.: A Case in Which the Vagus Influenced the Form of the Ven- 

tricular Complex of the Electrocardiogram, Arch. Int. Med. 16: 1008, 1915. 

3. Wedd, A. M.: Paroxysmal Tachycardia With Reference to Normotopic Tachy- 

cardia and the Role of the Extrinsic Cardiac Nerves, Arch. Int Med 27* 
571, 1921. 

4. Hamburger, W. W.: Bundle Branch Block. Pour Cases of Intraventricular 

Block Showing Some Interesting and Unusual Clinical Features, M. Clin. 
North America 13: 343, 1929. 

5. Hunter, A., Papp, C,, and Parkinson, J.: The Syndrome of Short P-R Inter- 

val, Apparent Bundle Branch Block, and Associated Paroxvsmal Tachv- 
cardia, Brit. Heart J. 2: 107, 1940. 

6. Holzmann, M., and Scherf, H.: tJber Elektrokardiogramme mit verkiirzter 

V orhof-Kammer-Distanz und positiven P-Zacken, Ztschr. f. klin. Med. 121: 

7. Wolferth, C. C., and Wood, P. C.: The Mechanism of Production of Short 

P-R Intervals and Prolonged QRS Complexes in Patients With Presumably 
Undamaged Hearts; Hypothesis of an Accessory Pathway of Auriculm 
ventricular Conduction (Bundle of Kent), Am. Heari’ J 8- 297 1933 



328 


AZilERICAN HEART JOURNAL 


The patient confirmed this history of emplojmient. In his ophiion, 
there was scarcely any visible dust about the crusher. Moreover, he 
worked at the other end of the building, upstairs, and did not operate 
this machine. His past history revealed that he had never been in the 
mines, and, as far as he knew, had never had an occupational exposure 
to dust. He had been under a physician’s care for a sore throat for 
three or four days, seven year's before. There had been no other illness, 
and no suggestion of rheumatic fever. 



Kig. 1. — Right anterior oblique view of heart, showing prominence of the pulmonary 
conus (P.C.) and left atrium (L,.A.). 

The patient said that his usual weight was 145 pounds, dressed, and 
that there had been no recent change. His strength, endurance, and 
appetite were good. He had had no chest pain of any kind. Occa- 
sionally he had a slight cough which was productive of white sputum. 
In his opinion, the slight shortness of breath on exertion from which he 
suffered was due to lack of exercise. 



PULMONARY EOENTGENOGRAPHIC CHANGES DUE TO 
mTRAL STENOSIS SBIULATING THOSE DUE 
TO SILICOSIS 

Henry 'W. Ryder, M.D., and H. G. Reineke, MD. 

Cincinnati, Ohio . : 

R outine roentgenograpMc studies of the lungs of apparently nor- 
mal persons have become increasingly vddespread in recent years. 
Their use by the armed forces in performing screening examinations for 
prospective inductees is their most extensive application. Antedating 
this application, however, industry, with its developing awareness of the 
extent of the silicosis hazard, had discovered the value of periodic roent- 
genographic examination of the lungs of exposed men in detecting pul- 
monary changes, due to silicosis before disability had occurred. 

The value of these roentgenograpMc surveys is subject to' certain 
restrictions. It has been emphasized repeatedly that a number of condi- 
tions other than silicosis cause miliary shadows in the lungs. The form 
and pattern of the shadows are often characteristic of a particular condi- 
tion, but the definitive differential diagnosis can be made only on clinical 
grounds.^’ ® The following ease is presented in order to emphasize the 
fact that the diagnosis of silicosis must be based on clinical evidence, 
not on roentgenographie changes alone. 

CASE REPORT 

The patient was a married white man, 26 years of age, who was re- 
ferred to us because a diagnosis of silicosis had been made in July, 1943, 
by the medical examiners for the Construction Battalion of the Navy, and 
because the opinion had been expressed, after two subsequent roent- 
genologic examinations of his lungs, that the pulmonary changes were 
consistent with this diagnosis. 

An employment survey made by Dunn and Bradstreet revealed that 
tMs man had had no hazardous dust exposure before he became a 
catalyst operator in April, 1943, for the company he was worldng for at 
the time of his examination in October, 1943. 

By July, 1943, he had been working eighty-three days in a building- 
in which a crusher of filter material was operated. This filter material 
consisted of finely ground silica, -with a binder of potassium silicate. It 
was received in rather large pieces, wMch were then crushed to lumps 
about the size of a finger tip for use in the filters. The silica was not 
ground and the filter material was not prepared at this site; the only 
operation was the crushing. This was done in a crusher provided with 
e.xhaust ventilation, and “fines’' w^ere sifted out also under exhaust 
ventilation. The operation was not considered to be a dusty one. The 
major part of the patient’s work, although carried out in the same 
buildin g, was done at some distance from this crusher. 

Prom the Departments of Internal Medicine and Applied Physiology, and the 
Department of Roentgenology, Medical College of the University of Cincinnati 
Received for pnhlication April 6, 1944. - 
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The aortic second, pnlmonie second, and second heart soimd at the mitral 
area were widely split. The first sound at the mitral area Avas markedly 
accentuated; the pulmonic second sound was sharp and accentuated. 
There was a rumbling, holodiastolie bruit, Avith presystolie accentuation, 
at the apex. In the absence of aortic insufficiency, this bruit is 
pathognomonic of mitral stenosis. No other bruits were heard before 
or after exercise in any position. There was no gallop rhythm, thrill, or 
rub. 



Fiff. 3. — Anteroposterior view of chest. Sept 7, 1943. 


Examination of the abdomen revealed no tenderness and no masses. 
The liver Avas normal in size. The kidneys and spleen Avere not felt. 
There Avas no peripheral edema, no adenopathy, and no venous disten- 
tion. 

The urine Avas yelloAv and clear, Avith a specific gravity of 1.020; tests 
for albumin and sugar gave negative results. Tiie centrifuged sediment 
shoAved mucus and occasional leucocytes. The hemoglobin content of the 
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Physical examination, Oct.- 19, 1943, showed that the patient was a 
well-developed, well-nonrished, slight, intelligent, cooperative, and cheer- 
ful young man who looked well. His height was 5 feet 7^ inches; 
weight, 138 poimds, stripped; temperature, 98.9° F. (mouth) ; pulse 
rate, 66; respirations, 16; blood pressure, 130/75 (right arm,- sitting) ; 
and vital capacity 2.95, 3.10, and 3.30 liters, standing. (The normal vhal 
capacity for his height is 4.4 liters.) 


^*>30 i je' 








Fig. 2.-r— Anteroposterior view of chest, July 30, 1943. 


The chest was symmetrical, with no increase in the anteroposterior 
diameter. The diaphragm moved well; the right side was little higher 
than the left. The lungs were normal anterioily and posteriorly to per- 
cussion, and auscultation. There were no changes in tactile or vocal 
fremitus. 

^ The .cardiac mechanism was normal. The posterior maximal cardiac 
impulse was in the fifth intercostal space in the left midclavicular line. 




332 


-UIERICAN HELVRT JOURNAL 


heaviest in the lung areas behveen the hila and lateral chest walls al 
though some mottling was present at the apices and bases. The mott’lin*' 
was regarded as infiltrative, and was not nearly dense enough to be the 
result of scarring or fibrosis. It was felt that many of these more or 
less discrete-looking lesions represented points at which small bronchi 
crossed each other (Figs. 2 , 3, 4, and 5). The pleura and diaphragm 
appeared normal. ® 








with the sug-gcition^ of showing the soft mottling 

thins out toward the apex and the periphery o^the"l^ 


triilLr ia\es ^ the auricular and ven- 

nimu Tlfc P P nto ’ arrhythmia and sinus mecha- 

.second P , ;vas 0.17 second, and the QRS interval, O.OS 

and slurred Tlmi ominent and notched, and and P , were prominent 
J ere elevaid nhmu """"f "teviation. The S-T, and S-Tf segments 

,,,, . ^ 1 miUnnetei-. T, and T 3 were upright and peaked. 

on thiilv reported that roentgenograms had been made 

?n the cata v^t ^^d been, and were still, working 

of exnosmt^nF fif ^ P^^ient was employed. The periods 

t exposure of these men varied from one to six months. In several 
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blood was 17 6m. (Salili) ; tlie erythrocytes mimbered 5,040,000, and the 
leucocytes, 8,350, per cubic millimeter j of the latter, 73.5 per cent weie 
poljTUorphouuclear leucocytes, 21 per cent were lymphocytes, 5 per cent 
were monocytes, and 0.5 per cent were basophiles. 

The patient’s mean diurnal oral temperature for the seven days pre- 
ceding the examination, taken by the plant physician,- was 97.5 ± 0.4° F. 



Eig. 4. — Anteroposterior view of chest, Oct. 19, 1943, 


Teleostereoscopic roentgenographic examination of the chest by one of 
us. (H. 6. E.) showed that the retrosternal width was 5.5 centimeters. 
The greatest cardiac -width was 14' cm., and the thoracic was 31.5 
centimeters. The cardiac waist line was obliterated, and there were very 
slight accentuation of the pulmonic conus and definite accentuation of 
the left auricular outline. Fluoroscopic examination showed that the 
left auricle was definitely enlarged (Fig. 1). With barium in the 
esophagus, no gross displacement was, noted. The heart action was nor- 
mal. Throughout both lungs there was diffuse mottling. This was 
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both, lungs a miliary appearance. This can be remarkably like the pic- 
ture of pneumonoeoniosis or miliary tuberculosis. Differentiation from 
these conditions is made possible, in his opinion, by the fact that, -with 
mitral stenosis, the spots diminish toward the pei'ipheiy. Attinger^ 
reported that the usual pulmonary roentgenographie picture in mitral 
stenosis is a diffuse, even clouding in the lung bases, but that miliary 
lung stasis occurs occasionally, and can scarcely be distinguished from 
miliary tuberculosis. He stated that in miliary lung stasis the nodules 
are thickest in the central parts of the lungs, whereas the inferior por- 
tions, and particularly the apices, are clear. Anglin® reported a ease of 
miliaiy stasis, with chronic passive congestion as a result of mitral 
stenosis, which simulated miliary tuberculosis. He stated that, although 
the character and distribution of the shadows suggest the correct 
diagnosis, they are not in themselves sufficient to distinguish between 
the two conditions. Eoeh^ reported the ease of a young woman who had 
been treated for tuberculosis for twelve years. There were shadows of 
vascular stasis in the hilar and basal regions, but the apices and eosto- 
phrenie angles ■were clear. At autopsy she was found to have had, not 
tuberculosis, but mitral stenosis. Arif® reported the ease of a mhier 
who, after working for five years in an area where there was much 
silica dust, was found to have mitral stenosis, and roentgenograms of his 
lungs showed the finely nodular appearance of pneumonoeoniosis. Arif 
stated that exposure in this case had been too brief to cause silicotic 
changes in the limgs. The patient was still alive at the time of his 
report. 

In all these cases of mitral stenosis with roentgenographie miliary 
pulmonic shadows, there were symptoms of pulmonary disease, which 
was not true in the ease here reported. Sosman® has noted considerable 
dilatation and congestion of the pulmonary vessels in eases of mitral 
stenosis, without any clinical signs or symptoms of illness. 

OBSERVATIONS FROAI THE LITER.VTURE ON THE OCCURRENCE OF SILICOSIS 
AND THE ^VHOUNT OP EXPOSURE REQUIRED TO PRODUCE IT 

In examining a group of fiften workmen exposed in three different 
occupations to high concentrations of silica dust, Gardner^® noted that 
all but one had developed the histologic lesions of silicosis by the time 
of death. "Whether the exposures "were as short as eight to seventeen 
months could not be established with certainty. In the group as a 
whole, roentgenographie evidence of silicosis wms veiy slight or absent. 
The only changes that could readily be recognized were due to infection, 
although the amount of silica in the lungs w’as measured, and was found 
to equal that present in the lungs of South African gold miners with 
silicosis who had been exposed to silica dust for long periods. Kilgore^' 
reported a study of six men w'ho had been exposed to allcaline silica 
mixtures. Symptoms developed within nine, eleven, fourteen, and 
riventy-four months, respectively, in four of the sLx men who worked 
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cases, particularly those of eight men feeding the crusher, the exposure 
was in their opinion, much greater than, that of the patienh Eoentgeno- 
f»ra^ of these men were made and examined by a local radiologist, who, 
hi ah cases, reported nothing abnormal. We examined the roentgeno- 
grams of the eight who worked in the %deinity of the crusher and con- 
firmed this interpretation. None of these men had developed symptoms 
suggestive of shieosis. 
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Eig. G. — Electrocardiogram, tliree leads. The notched and high P waves, the ele- 
vation of the S-Ts and S-Ts segments, and the peaked T- and Ta are found in rheu- 
matic heart disease with mitral stenosis. 


OBSERV-A.TIONS FROM THE LITERATURE ON PULMON-\RY CH-A.NGES 

IN aUTRAL STENOSIS 

Kerley^ stated that in mitral stenosis the roentgenographic appear- 
ance of the lungs varies enormously. Occasionally, the combination of 
smaller end-on vessels and alveoli filled with “heart-failure cells” gives 
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the inlialed air, that most damage is probably produced by particles 
measuring between 1 and 3 jn, and that the development of silicosis de- 
pends on the amount of free silica in the air inhaled and the duration 
of exposure. 

Pendergrass- and Twining® state that in making a differential diag- 
nosis one must consider not only the miliary type of passive hyperemia 
and miliary tuberculosis, but also bronchiolitis, multiple pulmonary 
miliary abscesses, carcinomatosis, leucemie infiltration, disseminated 
actinomycosis, and Boeek’s sarcoid. 

The amount of silica excreted in the urine is no measure of the degree 
of pulmonary silicosis.®® Except for examination of the lungs at 
necropsy, there are no further methods of establishing the diagnosis.®^ 

PATHOLOGIC CHANGES IN MITRAL STENOSIS AND IN SILICOSIS 

A comparison of the pathologic changes observed in the two diseases 
is of interest in that it suggests an explanation for the fact that the 
shadows cast by these fibrotie and proliferative lesions scattered through- 
out the lungs along the course of vessels and bronchioles are at times 
similar. 

Gouley®® studied the pathologic picture produced by parenchymal 
lung lesions in rheumatic fever and their relationship to mitral stenosis. 
He noted patchy interstitial fibrosis, and advanced lesions which were 
seen even without left auricular enlargement, particularly in mitral 
stenosis mthout mitral insufficiency. Moschcowitz®® described the lung 
changes in arteriosclerosis affecting only the pulmonary circulation. 
This was associated with mitral stenosis in nine of his twelve cases. He 
stated that if the disease is of long standing, the increase in perieapillary 
connective tissue is so great that the alveolar wall becomes enormously 
thickened, and may tlius give rise to a true interstitial infiltration. This 
thickening is due not only to the increase in connective tissue, but also 
to infiltration with fibroblasts. Parker and Weiss®^ described similar 
fibrotie changes in the lungs associated with long-standing mitral 
stenosis. Gloyne®® described the nodular fibrotie changes in silicosis 
which are caused by minute aggregations of lymphoid tissue around the 
bronchioles, the branches of the pulmonary artery, the pulmonary veins, 
and the venous channels in the interlobar septa. 

COilMENT 

A ease is presented in which the diagnosis of silicosis had previously 
been made because of abnoimalities observed in repeated roentgeno- 
graphic examinations. 

Investigation showed that the patient had far less exposure than eight 
other persons who worked in the building nearer the presumed source 
of hazardous exposure, and that none of the others developed signs or 
symptoms of the disease. A search of tlie literature has shown that 
silicosis oeem-s only when persons are exposed to sufficiently high con- 
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in the dustiest part of the plant. Two of these men had very fine 
capillary fibrosis of the bronchial markings throughout both, lungs, 
demonstrable roentgenologieally ; two others had extensive mottling 
throughout the lungs; the other two died from ‘‘myocarditis” (roent- 
genologic examination not made) . Chapman^^ reported studies on three 
men exposed to a similar dust, who worked “in. a very dusty atmos- 
phere without protection.” Symptoms appeared after eight, twenty-one, 
and twenty-nine months, respectively, of exposure. The first two men had 
roentgenologic evidence of silicosis, but the third, with similar symptoms, 
showed no evidence of silicosis on roentgenologic examination. RusselP^ 
noted the development of silicosis in a lens grinder who, in the course of 
his work, inhaled a fine quartz spray for eight months. Betts^^ noted 
the high mortality rate among a group of men employed in the dry 
grindmg of quartzite. In portions of the mill the dust was so dense 
that it was impossible to recognize a person at a distance of a few feet, 
and an electric light looked like a spark. In a group of thirty men, 
with an average age of 30 years, the average survival period after start- 
ing work was twenty-nine months, and the average period of work was 
fourteen months. One man died within a year, after three months’ 
exposure. Bloomfield and Dreessen^^ studied the incidence of sHieosis 
in granite quarriers. The granite dust was 35 per cent quartz; 75 per 
cent of the particles were less than 2 /a in diameter, and 10 per cent were 
less than 1 micron. In a group with an average exposure to 112 to 144 
million particles per cubic foot of air, no clinical or roentgenologic evi- 
dence of silicosis was found in any of thirteen men who worked less 
than five years, in eight of twelve who worked from five to nine years, 
in four of six who worked ten to nineteen years, or in one of five who 
worked more than twenty years. None of the men who were exposed to 
an average of less than 6 million particles per cubic foot had lesions, 
no matter how long they had worked. The iVIiners’ Phthisis Medical 
Bureau Eeport^® states that, in the gold mines of South Africa, where 
the dust is 80 per cent silica,^^ the average period of exposure before 
simple silicosis can be diagnosed is seven and one-half years, and the 
shortest period of exposure reported is two and one-half years. 

Sayers, et al.,^® reported on the incidence of antinaeosilicosis among 
hard coal miners. Of the three hundred twenty-seven men who had 
worked less than fifteen years in the haulingways, where the dust con- 
tained 13 per cent silica and from 5 to 200 million particles per cubic 
foot of air, one developed silicosis. Kock workers worked in an atmos- 
phere containing 35 per cent silica dust, with from 100 to 300+ million 
particles per cubic foot of air. None developed silicosis in less than two 
to three years; nine of seventy developed silicosis in less than fifteen 
years ; twenty-five of thirty-nine in fifteen to twenty-four years, and 
thirty-two of thirty-five in twenty-five or - more years. Sayers' and 
Lanza^® have concluded that the harmfulness of a given dust depends 
on the number of particles of free silica less than 10 /a in diameter in 
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centrations of free silica for a suflSeiently long period of time, and that 
no eases of acute silicosis have been reported in which symptoms ap- 
peared in as brief a period as that of the patient’s exposure, that is, 
eighty-three days. Moreover, the miliary nodulation, which was simu- 
lated by the roentgenographie changes in this case, develops only after 
longer exposures than those needed for the development of acute symp- 
toms of the disease. 

A picture similar to that of silicosis is found not uncommonly in 
roentgenographie studies of miliary tuberculosis of the lungs, and in 
congestive heart failure, particularly that associated with mitral valve 
disease. There are also rarer diseases that simulate this picture, but 
there is no clinical evidence that this patient suffered from any of these 
rarer diseases or from miliary tuberculosis. 

The pathologic changes in the lungs in silicosis and mitral stenosis 
were mentioned to suggest a reason for the fact that the roentgenographie 
picture in the two diseases may at times be similar. 

The patient displayed physical, electrocardiographic, and roent- 
genologic evidence of mitral stenosis of a degree sufficient to cause the 
roentgenographie changes in the limgs. 

The case study emphasizes that, although routine roentgenologic exam- 
inations may be of great value in detecting asymptomatic heart and 
lung disease, the definitive differential diagnosis of certain of these 
diseases can be made only on clinical grounds. 


CONCLUSIONS 

Eepeated roentgenographie study of the lungs may not be sufficient 
to establish the diagnosis of silicosis. 

On the one hand, the clinical diagnosis of pulmonary silicosis can be 
made despite the absence of roentgenographie evidence when there is a 
history of adequate exposure, when pulmonary symptoms and signs char- 
acteristic of the disease are present, and when other cause for the pul- 
monary symptoms and signs cannot be found. On the other hand, the 
roentgenographie evidence may be specific. 

A case is presented in which hazardous exposure to silica dust did not 
occur, and roentgenologic changes suggestive of pulmonaiy silicosis 
proved to be due to pulmonary congestion resulting from mitral stenosis. 
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800 feet. The towns of Aibonito and Orocovis are 2,000 feet above sea 
level; Barranqnitas and Ad juntas are 1,700 feet, and Lares and Marieao, 
1,400 feet, but San Juan, the capital, is only 100 feet above sea level. 

The climate is tropical marine, slightly modified by insular infiiiences. 
The eft’ect of land and sea breezes causes land winds at night, and, con- 
sequently, somewhat lower night temperatures. This air drainage from 
the high altitudes in the interior of the island to tlie coast results in de- 
lightful night temperatures, especially during the Avinter months. The 
mean temperature for the entire island is 73° in winter and 79° in sum- 
mer, with an average temperature of 76.6°. 

The average annual rainfall is 72.62 inches. It is lowest in the south, 
with an average of 40 inches, and highest in the west, and around 
Luquillo, where it is more than 80 inches. The highest readings have 
been recorded at the iileteorological Station of Rio Blanco, with 144.99 
inches, and the lowest at Santa Rita, with only 29.62 inches. There is 
more rain during summer and autumn and less diming winter and 
spring. 

Notwithstanding the fact that San Juan has an average of 212 days 
a year with rain, thex’e is an average of only five days a year entirely 
without sunshine. Except for the rains that occur in connection with 
infrequent tropical cyclones, rainfall comes in the form of brief showers 
which last a feiv minutes and are invariably followed by sunshine. At 
San Juan there is an annual average of 2,847 hours of sunshine, as con- 
trasted with 300 to 500 hours in Paris and Berlin, and 800 hours in 
New York. There is also a high level of solar ultraviolet radiation. 

The mean barometric pressure at San Juan from 1899 to 1930 was 
29.90 inches; the lowest was 29.83, and the highest, 29.95 inches. The 
mean relative humidity for the same period was 78 per cent at 9:00 
A.M., 76 per cent at noon, and 80 per cent at 9:00 p.m. We have, there- 
fore, a stable barometric pressure and a rather high humidity. 

In the year 1915 heart disease was the seventh most important cause 
of death in Puerto Rico, but since 1942 it has reached fourth place. 
Diarrhea and enteritis occupy first place, tuberculosis, second, and 
pneumonia, third. It is our impression, as suggested by Fernos,^ in 
1938, that in a not distant future, as a consequence of the improvement 
in the public health and sanitaiy conditions of the island — including bet- 
ter nutrition — the present three most impox'tant causes of death will 
become secondaiy health problems, and heart disease will be, as in most 
civilized countries, the chief cause of deatli. 

Table I shows the mortality rates per 100,000 population for the 
seven most important causes in Puerto Rico during 1942 and 1943. 

According to De la Pila Iglesias,^ heart disease is the cause of 23.5 per 
cent of all deaths in Puerto Rico, and 38 per cent of all deaths in the 
United States. The same author states that, in the year 1938, there 
were 268.9 deaths from heart disease per 100,000 population in the 



THE INCIDENCE OP HEART DISEASE IN PUERTO RICO 

Statistical Ajstalysis of 1,081 Cases 

Ramon M. Suakez, M.D 
Santurce, Puerto Rico 

W B HAVE already reported on tlie etiological types of heart disease 
in Puerto Rico. In 1939^ we studied 155 cases at the Cardiac Clinic 
of Hospital Miiuiya, 320 eases in 1941,= and, in 1942, while discussing a 
paper on “Syphilis in Puerto Rico,” by Costa Mandiy/ we gave our 
percentages in a series of 600 consecutive cardiovascular cases. 

At present our series has reached 1,081 eases. All were native Puerto 
Ricans between 4 and 83 years of age; 90 per cent were white and 10 
per cent were Negroes; 67 per cent were males, and 33 per cent, fe- 
males. Private patients comprised 65.5 per cent of the series, and 34.5 
per cent were ward patients, most of them agiaeultural laborers and 
veterans of the first World War. It was a heterogeneous group repre- 
senting all economic and social strata, with a predominance of the up- 
per, or inteUeetual and well-to-do, classes. Some of the patients came 
from distant parts of the island, but the majority were residents of San 
Juan or of neighboring towns. 

The series included six eases of subacute bacterial endocarditis, which 
were classified as either rheumatic or congenital heart disease. Two 
eases of dextrocardia, three cases of acute bacterial endocarditis, and 
four cases of chronic cor pulmonale due to pulmonaiy schistosomiasis 
were not included. 

All of the patients had electrocardiograms, and some had stethograms, 
phlebograms, and teleroentgenograms ; cardiac measurements and car- 
diac function tests, such as the vital capacity, venous pressure, and 
circulation time, were also made. Either the Wasserraann, Kline, or 
Kahn test was performed on most of the adult patients. AYlien the di- 
agnosis seemed evident, no laboratory data were obtained. 

CLIMATOLOGY 

Puerto Rico is a small, nearly rectangular island with an area of 
3,400 square miles, situated between parallels of 18° and 19° north 
latitude. Its position with reference to the equator is approximately 
that of Hawaii, Jamaica, and St. Thomas. Mountain ranges, with a 
maximum elevation of 4,000 feet, extend obliquely across the island from 
■ the northeast to the southwest corners. They lie 25 miles to the south 
and 20 miles to the southeast of San Juan. Their average elevation is 
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rheumatic fever (20 per cent), arteriosclerosis (17 per cent), and ar- 
terioloselerosis or hypertension (9.3 per cent). These autopsies were 
made on people who belonged chiefly to the low social and economic 
groups of the island. 

GENERAL CONSIDERATIONS 

Table III gives the total number of deaths in Puerto Eieo from dis- 
eases of the heart during the year 1942, as computed by the Bureau of 
Vital Statistics of the Insular Depai-tment of Health. 

Prom the available mortality statistics, based on the International 
List of Causes of Death, it is impossible to distinguish the infectious 
from the degenerative varieties of cardiovascular disease. Cases of rheu- 
matic carditis in people over 45 years of age have been included under 
list No. 92 as “Chronic Affections of the Valves of the Endocardium,” 
and in list No. 95 "with “Other Diseases of the Heart.” Arteriosclerotic 
lieart disease appears in list No. 93 with “Diseases of the Myocardium.” 
Hypertensive cardiovascular disease does not appear in the List, and 
probably most of these eases were included under nephritis. The total 
number of deaths from all diseases of the heart in 1942 was 2,177, or 
111.9 per 100,000. The death rate was lower in the rural (81 per 
100,000), than in the urban, population (170.2 per 100,000) as is true 
in other places. At least. Table III points definitely to the fact that 
diseases of the myocardium, diseases of the coronary arteries, and angiua 
pectoris — all of them of predominantly arteriosclerotic origin, degen- 
erative types of cardiovascular disease — represent nearly 60 per cent of 
the total number of deaths from diseases of the heart. 

According to Cossio," Argentina, with a population of 13,000,000, 
has 260,000 eases of diseases of the heart, an average of 2 per cent. 
Diseases of the heart were found in 1.4 per cent of 6,806 soldiers 20 years 
of age, in 2.4 per cent of 10,000 school children, and in 3 per cent of rail- 
way employees whose average age wms 35 years. A similar average of 2 
per cent for tlie general population is given by Chavez® for Mexico, and 


Table III 

Total Deaths in Puerto Biro From Diseases op the Heart 

1942 


inter. 

LIST 

causes op death 

URBAN 

RURAL 

TOTAL 

NO. 


DEATHS 1 

t RATE 1 

deaths I 

RATE 1 

1 DE.VTHS 1 

I RATE 

90 

Pericarditis 

4 

0.0 



4 

0.2 

91 

Acute endocarditis 

Hi 

2.4 

9 

0.7 

25 

1.3 

92 

Chronic affection of the 
valves and endocardium 

170 

26.1 

154 

12.1 

330 

17.0 

93 

Diseases of the myoeardi- 

iini 

475 

70.4 

498 

39.2 

973 

50.0 

94A 

Diseases of the coronary 
arteries 

159 

23.G 

84 

G.6 

243 

12.5 

94B 

Angina pectoris 

34 

5.0 

44 

3.5 

78 

4.0 

95 

Other diseases of the heart 

284 

42.1 

240 

18.9 

524 

2G.9 

90 to 95 All diseases of the heart 

1,148 

170.2 

1,029 

81.0 

2,177 

111.9 
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Table I 


Puerto Eico Mortality Statistics 
Deaths per 100,000 Population 


CAUSE 

j 1942 1 

1943 

• Diarrhea and enteritis 

331.4 

286.6 

Tuberculosis 

244.5 


Pneumonia 

141.5 

121.2 

Heart disease 

111.9 

102.4 

Malaria 

• 99.4 


Nephritis 

98.7 


Cancer 

54.8 



United States, 119.8 in Puerto Rico, 113.3 in Hawaii, and 128.1 in tlie 
state of Oklahoma; the latter was the lowest figure for all the states in 
the Union. 

In a series of 1,259 complete autopsies on native Puerto Ricans, 128 
persons (10 per cent) were found to have died from cardiovascular dis- 
ease, whereas large series of autopsies in the United States give a per- 
centage average of 38 for diseases of the heart. The incidence of the 
various lands of cardiovascular disease encountered in the group of 
128 persons was given by KoppisclU as follows : syphilitic heart disease, 
38 cases (30 per cent) ; rheumatic heart disease, 26 eases (20 per cent) ; 
arterioloselerosis, 12 eases (9.3 per cent) ; arteriosclerosis, 22 cases (17 
per cent) ; congenital lesions, 10 eases (7.8^ per cent) ; acute bacterial 
endocarditis, 7 eases (5.5 per cent) ; subacute bacterial endocarditis, 10 
cases (7.8 per cent) ; one case (0.7 per cent) of diphtheritic myocarditis; 
and one case (0.7 per cent) of hyperthyroidism. There was also one case 
(0.7 per cent) of chronic endocarditis of unknown cause. 

Twenty (over 50 per cent) of the 38 patients with syphilitic heart 
disease had a complicating aortic aneurysm, and 13 (over 50 per cent) of 
the 22 patients with arteriosclerosis were found to have coronary oc- 
clusion or myocardial infarcts. 

According to Koppiseh’s® post-mortem studies of 128 cases (Table II), 
syphilis is the most important cause of death (30 per cent), followed by 


Table II 


Cardiovascular Disease in Puerto Eico 
Analysis op 1,259 Autopsies 
(Koppisch, 1944) 


CAUSE 

Syphilitic heart disease 
Eheuiaatic heart disease 
Arterioloselerosis 
Arteriosclerosis 
Congenital heart disease 
Endocarditis, bacterial, acute 
Endocarditis, bacterial, subacute 
Myocarditis, diphtherial 
H^erthyroidism 

Endocarditis, chronic, cause unknown 


NUMBER OP cases % 

38 

26 20.0 

12 9.3 

22 17,0 

10 7.8 

7 5.5 

10 7.8 

1 0.7 

1 ■ 0.7 

0.7 
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Table IV 



ABGEX- 

TIXE 

10,000 

CASES 

COSSIO' 

1943 

(%) 

IIEXICO 

2,400 

CASES 

CHAVEZS 

1942 

(%) 

NEW 

EXGLAND 

WHITElS 

1944 

(%) 

NEW 

YORK 

PARDEEIG 

1941 

(%) 

YIRGINLV 

2,607 

CASES 

PORTER 

1939- 

1942 

(%) 

LOUISI- 

ANA 

2,096 

CASES 

•MUSSERl" 

1942 

(%) 

PUERTO 

RICO 

1,081 

CASES 

SU.VREZ 

1937-1944 

(%) 

Sj'philis 

7.7 

11.2 

2.0 

3.0 

9.0 

8.3 

6.1 

Eheumatie 

1S.2 

41.0 

38.0 

32.0 

13.0 

8.2 

17.4 

Hypertension 

23.7 

13.6 

28.0 

36.0 

36.0 

57.0 

22.8 

Arteriosclerosis 


28.3 

— 


39.U 

24.1 

39.9 

Hy-pothyroid 

5.8 

— 

— 

— 

— 

.04 

2.8 

Hyperthyroid 


1.4 

0.2 

— 

— 


2.6 

Congenital 

2.4 

1.8 

2.0 

— 

2.0 

.7 

1.0 

Avitaminosis 




— 

— 

— 

2 

.9 

Functional 

— — 



— 

— 

— 

— 

0.8 

jMiscellaneous 

3.7 

2.0 

— 

— 

— 

— 

.7 


■where he found a percentage of 41, by White^^ in New England (38 per 
cent), and by Pardee^® in the New York Heart Clinics (32 per cent). It 
is higher than that given by Mnsser^^ for the Louisiana Charity Hospital 
in New Orleans (8.2 per cent). 

In evaluating our figures, we should hear in mind the fact that only 
64 patients (5 per cent) in our series of 1,081 eases were between 4 and 
20 years of age. A larger number of children would undoubtedly have 
given a higher rate of rheumatic disease (Table V). 


Table V 


ages (yr.) 

NUJIBER OF CASES 

PER CENT 

4 to 20 

64 


5 

21 to 50 

505 


47 

51 to 83 

512 


48 


Si/philis . — Table IV shows that cardio-aortic syphilis is not as fre- 
quent in Puerto Rico as we have been led to believe. In the series stud- 
ied for a number of years, the incidence has varied between 10 and 5.9 
per cent, and the average for the total number of eases studied is 6.1 
per cent. This figure is higher than that reported for the New England 
States (2 per cent) and for New York (3 per cent), but it is lower tiian 
that of Argentina (7.7 per cent), Mexico (11.2 per cent), Virginia 
(9.0 per cent), and Louisiana (8.3 per cent). Both Francisco and 
Koppisch give a higher incidence for syphilitic lieart disease in Puerto 
Rico, 12.8 per cent and 30 per cent, respectively. We should recall 
again that their material was obtained principally from the loAvest social 
and economic gi-oups of our population. 

Ilypertension . — The incidence of hypertension, unaccompanied by 
apparent arteriosclerosis or angina pectoris, is 22.8 per cent (Table IV), 
as compared with 23.7 per cent in Argentina, 13.6 per cent in Mexico, 
28 per cent in the New England States, 32 per cent in New York, and 
36 per cent in Virgmia. The highest incidence of hypertension is that 
i-eported in Louisiana, 57.6 per cent. 
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by Parran^ for the United States. In Puerto Rico we do not have similar 
data for comparison, except that, of 31,600 men between 18 and 38 
years of age who had been carefully examined, 1.5 per cent were found 
to be suffering from diseases of the heart. 

Rheumatism . — ^The prevalence of rheumatic heart disease is dependent 
upon many factors, among which are climate, geographical location, 
racial or hereditary predisposition, and living conditions. 

The five most important theories are that it is caused by; (1) li 
specific, nonhemolytic streptococcus; (2) tissue hypersensitiveness to the 
streptococcus; (3) infection superimposed on vitamin ''O'' deficiency 
(Rinehart); (4) a hemolytic streptococcus (Coburn), and (5) a filtrable 
virus (Schlesinger, Signy, Ames, and Barnard). At present the evi- 
dence in favor of the beta-hemolytic streptococcus group “A” pre- 
dominates. 

In connection with this theory, it is interesting that Morales-Otero, 
Damin, and Pomales^® found a smaller number (only 4 per cent) of posi- 
tive throat cultures for group “A” beta-hemolytic streptococci in 
Puerto Rican troops than in an approximately equal number of Con- 
tinental troops stationed on the island for over one year. In 28.8 per 
cent of the latter tliere were positive throat cultures. This work, and 
that of Pomales-Lebron and Morales-Otero^^ on rhesus moiikeys, fur- 
nishes additional evidence “to support the statement that the propor- 
tion of group “A’’ hemolytic streptococci found in the normal throat in 
the tropics is lower than that obtained from a similar source in tem- 
perate regions.'’ 

It has been stated that rheumatic fever does not exist, or is rare, in 
the tropics. So it was thought in Puerto Rico, until Dr. Hans Smetana, 
formerly pathologist of the School of Tropical Medicine, found, on June 
28, 1930, the first case of rheumatic fever, mth Aschoff’s bodies, in a 
15-year-old Puerto Rican boy. It may be that the clinical manifesta- 
tions of rheumatic fever are mild and indefinite in the tropics, and that 
the joint symptoms are either mild or absent altogether, but rheumatic 
heart disease is far from being rare. The work of Chavez in Mexico, of 
Garcia CarriUo^^- in Costa Rica, of Prancisco^^ and Koppisch, and our 
own observations in Puerto Rico prove conclusively that the incidence of 
rheumatic carditis in tropical and subtropical regions is equal to, or 
higher than, the incidence in colder climates. 

The incidence of rheumatic heart disease in our own series was 24.7 
per cent in 1941, when only 320 cases had been studied, and 17.4 per 
cent at present, in a series of 1,081 cases (Table IV). Francisco reports 
32 per cent in a group of 125 cases at the Arecibo District Charity Hospi- 
tal, and Koppisch ’s anatomicopathologic data reveal an incidence of 20 
per cent in 128 deaths from diseases of the heart. Our incidence is, 
therefore, about the same as that reported by Cossia in Argentina (18 2 
per cent) and by Porter (13.0 per cent) in Virginia. It is lower than 
that reported by Chavez in Mexico City (7,000 feet above sea level) 
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of meat is so very low (33.4 pounds, or 15 kg., per capita), coronary 
disease, including angina pectoris, is not at all infrequent (15 per cent), 
with, a death rate of 16.5 per 100,000 population. Chavez seems to favor 
a racial factor, wliich operates through a nervous mechanism, in the pro- 
duction. of hyperteiivsion, angina pectoris, and coronary occlusion, and lie 
bases his assertion on the low incidence of the senile degenerative 
changes among the Indians of Mexico. Quoting from him: ‘‘For cen- 
turies the Mexican Indian has lived a slow and unharrassed life. His 
manual labor may sometimes be strenuous, but he knows nothing of 
uneasiness and anxiety. His philosophy of life is conformist, if not 
fatalistic. He has a weU-balanced nervous system, which protects him 
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from the ordinaiy impacts of life, and he knows nothing of psychastlic- 
nia. What we call civilized living either does not reach him, or if it 
does, fails to traumatize his mind.” We are inclined to believe that a 
similar nervous stability and a similar fatalistic philosophy of life might 
explain, in part, at least, the lower incidence of angina pectoris and 
coronary disease in our “jibaro” population (Fig. 1). 

SUMMARY AND CONCLUSIONS 

1. We have described the geographical position, topography, and 
climatology of Puerto Eico as a factor to be considered in the incidence 
of rheumatic fever and other diseases of the heart. 
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If we add the cases of hypertension to those of arteriosclerosis, we 
would have an incidence of heart disease due to senile degenerative 
changes of about 62 per cent. 

Arteriosclerosis . — The expectancy of life in Puerto Rico, as computed 
from abridged life tables by J. L. Janer, Statistician of the Insular De- 
partment of Health for the years 1939, 1940, and 1941, and in accordance 
with the Reed-Merrell method, is only 46 years from birth (45.10 for 
the male population and 47.29 for the female population). When the 
age of 5 years is reached, life expectancy rises to 52.85 years (52.1 for 
males and 53.8 for females). The life expectancy in the United States, 
in 1937, was 62.25 years, 16 jmars more than in Puerto Rico. 

According to Morales-Otero,^® the official census of 1940 shows that 
40.6 per cent of our population is made up of children below the age of 
15 years, and that people over 65 years of age make up only 3.4 per 
cent of the total population. The group of adults over 65 years of age 
is twice as high in the United States, where it reaches an average of only 
6.8 per cent. 

Arteriosclerosis is primarily a disease of old age, and the population 
of Puerto Rico is pre-eminently young. Notwitlistauding this fact, the 
incidence of arteriosclerosis in our series was 39.9 per cent (Table IV), ' 
which is equal to that of Virginia (39 per cent) and higher than that 
of Mexico (28.3) and Louisiana (24.1 per cent). 

The incidence of arteriosclerosis and hypertensive heart disease, as 
given by Francisco and Koppisch, is lower than ours. The former gives 
figures of 20 and 25.6 per cent, respectively; the latter's figures are 17 
per cent for arteriosclerotic heart disease and 9.3 per cent for arterio- 
losclerosis. 

There were 163 cases of coronary insufficiency (15.0 per cent) in our 
series of 1,081 eases. Roughly, 40 per cent of the patients mth arterio- 
sclerotic heart disease showed clinical and electrocardiographic evidence 
of myocardial infarction. 

It is a weU-known fact that, in private practice, rheumatism and syph- 
ilis are less frequent than among ward patients; on the other hand, 
coronary disease, including angina pectoris, is much more common 
among private than among hospital patients. 

The cause of atherosclerosis remains unsettled. The theory of altered 
lipid metabolism has many advocates. Some attribute the low incidence 
of arteriosclerosis, angina pectoris, and coronary sclerosis among the 
Chinese^^ to the low intake and quality of the fat in their diet. Others 
have suggested that a diet in wluch meat predominates is an important 
factor in atherosclerosis. However, nutritional surveys in Argentina, the 
United States, and Puerto Rico do not substantiate this hjqpothesis. 
The consumption of meat is 107 kg. per capita in Argentina, where the 
incidence of coronary disease is only 29.6, whereas, in the United States, 
with a lower meat consumption (66 kg. per capita) the incidence of coro- 
naiy. disease is 37.7 per cent, and in Puerto Rico, where the consumption 



THE EFFECT OF LANATOSIDE C UPON THE PHYSIOLOGIC 
STATE OP OEGANICALLY DISEASED HEAETS BEPOEE 
SYMPTOMS AND SIG-NS OP HEAET 
PAILUEE APPEAE 

Eldon W. Erickson,* M.D., Eochester, IVIinn., and 
George E. Pahr,! jM.D., Minneapolis, ]VIinn. 

I T WOULD be difficult to conceive that anyone who has read a recent 
paper which is available to all cardiologists^ would doubt the efficacy 
of the glycosides of digitalis in helping to relieve the symptoms and signs 
of heart failure in the presence of normal sinus rhythm. On the other 
hand, there is still doubt as to the value of digitalis in eases of organic 
heart disease in which the usual symptoms and signs of heart failure 
have not developed. Christian- felt that cardiac enlargement was re- 
tarded, and that patients with evidence of cardiac disease, but without 
symptoms or signs of cardiac insufficiency, Averc capable of greater ac- 
tivity Avithout the development of symptoms of cardiac insufficiency 
when approximately 0.2 to 0.3 Gm. of digitalis leaves per day Avas ad- 
ministered prior to the development of symptoms and signs of heart 
failure. Christian’s conclusions Avere draAvn purely from his clinical 
obserA'ations. 

Cloetta,^ Avho studied the effect of digitalis on the heart of the rabbit, 
came to the conclusion that the dilatation and hjiiertrophy of rabbits’ 
hearts AAdth experimental aortic insufficiency never reached the same de- 
gree that occurred in the hearts of rabbits Avith experimental aortic 
insufficiency Avithout digitalis ti-eatment. Cloetta also Avas convinced 
from his experiments on rabbits that the absolute energy reseiwe of 
hearts AAuth aortic insufficiency Avas nearly normal if digitalis Avas ad- 
ministered, AA'hereas, if digitalis Avas not administered, the hearts Avere 
much more rapidly exhausted. He felt that he had proved that the 
capacity for Avork of hearts that Avere treated Avith digitalis Avas nearly 
double that of untreated hearts. 

Cohn and SteAvart,* by means of experiments on dogs in AA'hieh defects 
in the mitral valve had been produced by operation from tAvo to six years 
before the expei-iments Avere perfonned, found that the cardiac area, as 
measured roentgenologieally, had increased from 5 to 94 per cent. From 
25 to 30 per cent of the calculated oral lethal dose of digitalis Avas in- 
jected intravenously into these animals. There Avere a decrease in the 
size of the heart and a decrease in the cardiac output for the first tAventy- 
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2. We liave made ample use, not only of the vital statistics of the De- 
partment of Health, but also of the figures obtained and studies made 
by other observers in the island. 

3. We have presented statistical studies based on 1,081 cardiovascular 
cases. 

4. We have compared our own figures with those of Argentina, Mexico, 
the New England States, and the states of New York, Virgmia, and 
Louisiana. 

5. The incidence of the four most important etiological types of heart 
disease in Puerto Eieo is as follows: syphilis, 6.1 per cent, rheumatic 
fever, 17.4 per cent, hypertension, 22.8 per cent, and arteriosclerosis, 
39.9 per cent. 

6. It appears from this study that climate, per se, is not a deciding 
factor in the prevalence of either syphilitic or rheumatic heart disease, 
or of heart disease due to senile degenerative changes. 
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In this paper we shall attempt to show that a glycoside of digitalis 
mil improve the function of the heart in eases of organic heart disease 
in which, as yet, 'symptoms and signs of heart failure have not been 
present. We also shall compare the response of the normal heart to the 
same glycoside of digitalis, in an attempt to show that the function of 
the heart of a noianal person is impaired by digitalization. 

The glycoside of digitalis employed in this study was lanatoside C. 
We made use of this glycoside because we had used it in previous studies 
on cases of organic heart disease in which there were both the symptoms 
and signs of severe heart failure, and it had proved efficient in relieving 
the s^Tuptoms of heart failure in eases in which normal sinus rhythm was 
present. Lanatoside C is a crystalline glycoside, and its potency will 
alwaj-s remain the same because the enzjunes that destroy digitalis have 
been removed. There is no reason to beKeve that the same results would 
not have been obtained ^vith other glycosides of digitalis, although there 
might, of couise, be marked quantitative differences. 

In order to obtain a clear conception of heart function and the in- 
dications for cardiac therapy, it seems essential to consider the heart 
as a working machine with a variable mechanical efficiency which should 
be maintained at the highest practicable level. The heart is a mechanical 
pump which converts the energy liberated by oxidation within the muscle 
cell into mechanical work. When the heart fails, one of two things must 
happen if the heart is confined in a rigid chamber which wall prevent 
dilatation. Either the mechanical work done must decrease, and the 
total energy liberated by oxidation during contraction (oxygen consump- 
tion) remain the same, or the total energy liberated during contraction 
(oxygen consumption) must decrease, and the mechanical work decrease 
proportionately. The ratio of mechanical work done by a machine to the 
total energy liberated in the process is the mechanical efficiency, or„ap- 
plied to the heart, the work of the heart divided by the oxygen consump- 
tion. Therefore, one can say that in heart failure either the mechanical 
efficiency decreases, in which case the work of the heart is carried out at 
the expense of greater oxygen consumption, or the work of the heart de- 
creases at the same, or a greater, rate, than the oxygen consumption, in 
wdiich case the mechanical efficiency remains the same or decreases, 
Deeherd and Visscher® and JMoe and Visseher'’ have shown that the 
mechanical efficiency of the heart of the experimental animal decreases 
in spontaneous heart failure.’®' Fahr and BuehleF® have shoAvn the same 
thing for the heart poisoned by eai’diae poisons. Katz and Mendlowtz“ 
disagreed with this conception, but the work of Moe and Visscher® dis- 
counted their conclusions. 

Studies on the heart-lung preparation therefore indicate that myo- 
cardial failure consists, in essence, of an alteration in the energ}'- 

•.<Vs a matter of fact. Starling- and Vlsscher" sho-wed this in their paper, but did 
not etnpha.size the fact that tlie decrease in mechanical edlcioncy wa.s the cause oi 
heart failure. 
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four hours after the intravenous injection. As the action of the digitalis 
began to decrease, the cardiac output returned to normal or even in- 
creased, although the heart sometimes continued to be smaller than it 
had been in the beginning. In our opinion, 25 to 30 per cent of the 
calculated oral lethal dose of digitalis, given intravenously, is a number 
of times the optimal digitalizing dose, and is close to a toxic dose. Kabat 
and Visseher® have sho\vn that, when optimal doses of digitalis are ap- 
plied to the tortoise heart bj^ perfusion, there is an increase in the 
mechanical efficiency of the heart muscle -without a change in elasticity, 
but when larger doses are given there is an increase in elasticity with a 
decrease in the work of the heart. "We believe that, in the dogs’ hearts 
studied by Golm and Stewart, the proper therapeutic concentration of 
digitalis was in all probability not obtained until several days after the 
administration of the drug, and at this time it was noted in their ex- 
periments that, although the cardiac size was still reduced, the cardiac 
output was increased to the original, or greater than original, values, 
which indicated a favorable therapeutic response. 

Stewart, Crane, Deitrick, and Thompson® studied the effect of gmng 
digitalis in therapeutic doses to seventeen patients suffering from or- 
ganic heart disease who had not had congestive failure. These patients 
had heart disease of either T^poe I or Type IIA, as defined in the pub- 
lication entitled Criteria for the Glassification and Diagnosis of Heart 
Disease, issued by the Heart Committee of the New York Tuberculosis 
and Health Association. These authors measured the cardiac output by 
the GroUman acetylene method. Roentgenograms of the cardiac sil- 
houette were made, the cardiac area was measured, and the volume of the 
heart was estimated by the Bardeen formula. In their experiments, the 
work of the left ventricle per beat Avas calculated from the stroke out- 
put times the mean arterial blood pressure. These measurements were 
first made before digitalis Avas given. Then from 1.6 to 1.8 Gm. of digi- 
talis leaves Avere given in tAvelve hours. Twenty-four to forty-eight hours ■ 
after the digitalis Avas given, the measurements Avere repeated. Four of 
the patients shoAved an increase in cardiac output and a decrease in 
cardiac size. Seven patients shoAved a decrease in cardiac output as 
Avell as a decrease in cardiac size, and six patients shoAved no change in 
cardiac output or in cardiac size. The Avork of the left ventricle per 
beat Avas increased in every case, no matter AA^hether the output was 
increased, decreased, or unaltered. If this Avork is interpreted, in the 
light of Starling and Visscher’s work,'^ namely, that the oxygen con- 
sumption of the heart is a function of its diastolic volume, one can state 
that these investigators shoAved that the mechanical efficiency of these 
compensated hearts Avas increased in every instance after digitalis Avas 
administered. As a result of these investigations, it would seem prob- 
able that the clinical impression of Christian, namely, that digitalis 

actually is of benefit Avhen the heart is enlarged and compensated is 
true. ’ 
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ventricle if the circulation is to be maintained. In the heart of a normal 
dog, the mean pressure in the pulmonary artery is about a fourth of that 
in the aorta. Therefore the physiologist, in calculating the total work of 
the heart, usually multiplies the output of the left ventricle by the mean 
blood pressure in the aorta, and adds 25 per cent to this figure as a 
measure of the total %vork of the heart. The Avork of the Imman heart- 
beat, therefore, can be set doAvn as W = koSP, where k, is a constant. S 
is the stroke output of the left ventricle, P is the mean blood pressure in 
the aorta, and is the Avork of the heart per beat. 

From the formula for total energy liberation and AA'ork of the heart, 
the mechanical efficiency Avith Avhieh the heart functions can be ascer- 

k SP 

tained by the equation 


efficiency. 


k,(Va-B) 
The quotient of 


= Eni, Avhere E 
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n, is the mechanical 
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that the final formula for the mechanical efficiency is En 
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Avhere IC is a constant, S the stroke output of the left ventricle, P the 
mean blood pressure in the aorta, and V,i the diastolic volume. The con- 
stants K and B cannot be measured on liuman patients, but S, P, and 

SP 

Va can. Percentage changes in the quotient Avill alAAmys be less than 

SP 

percentage changes in y or the mechanical efficiency. We have 
SP 

called the quotient cy- the efficiency index, or Ei. It is to be emphasized 

. V(i 

that the efficiency index of a human heart is a relative, and not an ab- 
solute, expression of true mechanical efficiency. Consequently, the ef- 
ficiency index cannot be used to compare the state of heart function 
among any group of persons; hoAA^ever, it AviU reflect accurately changes 
in the efficiency of the heart of a given person, and this is of primary 
importaiice in our study. We also knoAv that the percentage changes in 
tliis efficiency index, as measured by ns, are ahvays less than the actual 
percentage changes in mechanical efficiency. 

We measured the stroke output, S, by means of the Keys and 
FriedelP^’ method. This method is based iqron changes in the frontal 
silhouette area of the heart, as ascertained roentgenkymographically. By 
this teclmique, the diastolic volume of the heart is ascertained very ac- 
curately through the use of a formula Avhich relates the frontal silliouette 
area of the heart to the cardiac volume. Roentgenkymograms record 
only the changes in the frontal area of the heart that take place in the 
transverse diameter during systole. This systolic frontal area is then 
converted into the so-called sj'stolie A'olume of the heart. The difference 
betAveen these tAvo A'olumes is a function of the true systolic output of 
the ventricles, and, AAdien multiplied by a constant, gives the stroke out- 
put of the left ventricle. The stroke output of the left ventricle of fifty- 
four nonnal persons Avas ascertained by Keys arrd Priedell by the Groll- 
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utilizing, and not the energy-liberating, mechanism of the heart, and that 
the correction of this defect should be the objective in the treatment of 
myocardial disease. Peters and Visscher^^ and Moe and Visseher^^ have 
shown that the glycosides of digitalis correct this defect by increasing 
the mechanical efficiency of the spontaneously failing heart, and Pahr 
and Buehler^° have shown that lanatoside C does the same for hearts 
poisoned with cardiac toxins. Pahr and Buehler have demonstrated that, 
when a g^moside of digitalis (lanatoside 0) improves the mechanical 
efficiency of a failing heart, the venous pressure on both the left and 
right side of the heart, which was elevated during heart failure, de- 
creased toward the normal. 

Quantitative studies of the changes in heart function and their re- 
sponse to digitalis can now be carried out on human hearts by the use 
of roentgenkymography. This actually serves as a cardiometer for the 
human heart, in that the systolic and diastolic volume can be measured 
and the stroke output can be calculated from the change in volume. In 
order to understand the results obtained by this technique it is neces- 
sary to elaborate a little on the experimental methods and their physi- 
ologic significance. 

Starling and VisscheP showed that the oxygen consumption, or total 
energy liberation of the heart, was a function of the diastolic length of 
the fibers of the heart muscle. They showed that the ratio of a given 
change in oxygen consumption (A Oo) to the corresponding change in 
diastolic volume (A Va) was a constant (throughout a very large range 
of change in diastolic volume), or, expressed in the form of an equation, 

= ki. Therefore, we can set up the equation, O 2 = k^ ( Va “ ^ > 

where O 2 is the oxygen consumption per beat, Va is the diastolic volume 
of the heart at the tune of the cardiac contraction which can be measured 
accurately in man by means of the roentgenl^ymograph, and b is a con- 
stant. ki is a constant which will differ for each heart, but h§is a con- 
stant value for any given heart. We can replace— by B, and the 

formula for oxygen consumption becomes Oo Iq (Vd - B), where B is 
a constant which equals the volume of the undistended heart in diastole, 
or, in other words, when no intraventricular pressure is present during 
diastole. Starling and Visscher" proved this fundamental law of the 
heart on hearts which were only mildly failing spontaneously, but Pahr 
and BuehleP° proved that the same holds true for hearts severely in- 
jured by cardiac poisons. We believe that this is a fundamental law of 
the heart; in fact, it is the real “law of the heart.” 

The work of any chamber of the heart per beat is the output of blood 
per beat times the mean blood pressure against which the blood is 
ejected. For this type of study, that part of the work of the heart which 
is represented by the Idnetie energy of the blood throivn out of the heart 
can be neglected because it is of the order of magnitude of 3 per cent of 
the total. The output of the right ventricle must equal that of the left 



354 


A2iIERIC-VN HR.VRT JOURNAL 


T.vble I 

Heart Function* in Severe Heart Failure Before and After Trb.vtment 
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described, the fifth, the average work of the left ventricles, and 
the sixth, the average efficiency index as ealenlated from these data. In 
the seventh column we have tabulated the percentage change in the 
efficiency index. The number of cases studied is given in the eighth 
column. The percentage change in efficiency index for this part of the 
experiment indicates the effectiveness of lanatoside C alone. Average 
values are shown for seven of the cases in wliich investigation was car- 
ried out just before the patients were dismissed from tlie hospital, that is, 
after lanatoside C had been given and the patients had been kept on an 
approximate maintenance dose of lanatoside C, in addition to rest in bed 
and other measures used in treating heart failure, for three to six weelis. 
The percentage change in the efficiency index for this part of the ex- 
periment represents the results of combined ti’eatment with lanatoside C 
and rest in bed. This table demonstrates that the intravenous admin- 
istration of lanatoside C alone increa.ses the efficiency index about 45 
per cent within a half to two hours after administration. It also demon- 
strates that three to six weeks of rest in bed, in addition to the intra- 
venous administration of lanatoside C and daily oral doses of 0.75 rag. 
of lanatoside C, increases the mechanical efficiency another 24 per cent. 
The data contained in this table show indirectly that, diu'ing the de- 
velopment of heart failure in these severe eases, the mechanical efficiency 
had decreased an average of 70 per cent. Correlated with this fall in 
mechanical efficiency, there was an average increase in the venous pres- 
sure of 13 cm. of watex*. The venous pressure decreases with treatment 
and the concomitant rise in mechanical efficiency. 

These data prove that, in the human being, as well as in the animal, 
the fundamental factor in heart failure is a deex-ease in the percentage 
of the total energ^y liberated which is available for mechanical work 
during contraction, and that digitalis acts by allmving the heart to con- 
vert more of its available energy into useful work. Starr and his co- 
workers,*' who studied the action of digitalis in cardiac decompensation, 
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man acetylene technique andhy their roentgenliymographic method, and 
a very close correlation -was found. 

This is not the place to go into a long discussion of the relative merits 
of the various methods of measuring the stroke output of human hearts. 
One advantage of the method of Keys and Friedell over all the other 
methods, ivith perhaps the exception of the ballistocardiograph, is that 
it measures the regurgitant, as well as the forward flowing, components 
of the stroke output of the left ventricle when aortic insufficiency or 
mitral insufficiency is present. All of the foreign gas methods, and even 
the celebrated Pick method, which is usually used as a measure of the 
accuracy of any stroke output method, fail to measure the amount of 
blood that shuttles back and forth between the aorta and left ventricle 
in aortic insuffieieney and between the -left ventricle and the left auricle 
in mitral insufficienej’'. Inasmuch as many patients with heart disease 
will have relative or organic mitral insuffieieney, and some of them will 
have aortic insufficiency, we believe that the method of Keys and 
Friedell gives a better measure of relative changes in the stroke output 
of the left ventricle than any foreign gas method or the Pick method. 
Therefore, for our purpose, which is to measure percentage changes in 
the efficiency of the heart, it is of no consequence whether the Keys 
and Friedell constants, or other constants, should be used in any given 
case. As long "as the same technique in recording tracings and comput- 
ing the silhouette area is used, the results obtained by the method of 
Keys and Fiiedell for measuring the output and volume of the heart 
accurately reflect changes in these functions in the same case, and reflect 
relative differences in these functions in a series of eases. 

We measured the systolic and diastolic blood pres.sure by the Korotkow 
auscultatory method. The diastolic volume, V,i, was measuicd by ap- 
plying the Keys and Friedell formula to the diastolic silhouette area 
of the heart as obtained roentgenkymographically. In any series of 
roentgenl?yinograms on the same patient, the vertical heights of the 
tracings were kept constant, for it is impossible to ascertain changes in 
this direction on the horizontal slit film mth any degree of accuracy. 
We believe that the diastolic volume, as ascertained by this method, is 
very close to the actual volume of the heart, and there can be little doubt 
that percentage changes in diastolic volume, as obtained by this method, 
are accurate. 

When facilities for measuring the diastolic volume and stroke output 
of the human heart are available, it can be shown that the mechanism 
of heart failure and the response to digitalis are the same as in animal 
experiments. Table I smnmarizes the data from the paper of LaDue and 
Pahr,^e in which quantitative changes in the function of the heaxi; were 
measured by the roentgenkymogram to ascertain the effects of lanatoside 
C on heart failure. The first column shows the time of observation, the 
second, the average venous pressure, the third, the average diastolic 
volume, the fourth, the average stroke oxxtpiit as obtained by "the method 
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level of the right auricle with the patient in a reclining position. Tlie 
test was repeated, and the average of the two readings was taken as the 
circulation time. As the arm-to-tongue circulation time, we used the 
time from the start of the injection to the time the patient announced tlie 
onset of a hot sensation in his throat. 

According to Goldberg study of 156 patients, the upper limit of 
normal for this method is sixteen seconds. However, none of the pa- 
tients w’ith clinical evidence of heart failure had a circulation time of 
less than twenty seconds. Spier, Wright, and Saylor-^ .said that the 
normal circulation time with calcium gluconate varies between seven and 
twenty-two seconds. Patients wth circulation times up to twenty sec- 
onds were selected, provided their venous pressure was nonnal and no 
congestive rales could be heard. Seventy-five per cent of the patients 
had a circulation time of less than sixteen seconds ; the remainder had 
a circiilation time in the transition zone (sixteen to twenty seconds). 

All observations were made betAveen 5 and 7 p.m. The patients were 
instimeted to eat a light lunch and to take nothing but water by mouth 
until they reported for the roentgenkymographie studies. The patient 
was placed in front of the roentgenkymograph in a standing position, 
and Avas alloAved to rest in this position iintil the pulse rate became 
stabilized for five minutes. During this time the patient’s blood pres- 
sure Avas recorded. The patient Avas then instructed to bi’eathe mod- 
erately deeply and was ordered to stop breathing during the phase of 
mid-inspiration. While the patient held his breath, a roentgenographic 
exposure of tAvo and one-fourth seconds A\ms made Avith the tube target 
at a distance of 36 inches (91.4 cm.) from the film. The blood pressme 
AA'as again measured, and, Avith the patient in the same position, a dupli- 
cate roentgenkj'mogram AA'as made Avithin five minutes of the original 
one. The roentgenlvjonograph Avas fitted Avith an electric timer, and the 
pulse rates Avere calculated directly from the roentgenlvjonogram. 

Moderate inspiration Avas selected a.s the standard condition for 
IcATnographie estimation of cardiac function because the best visualiza- 
tion AA'ithout alteration of the stroke output Avas attained. Keys and 
FriedelP^' found that it is unnecessary to maintain extreme constancy 
in respiratory conditions, for a consideiuble latitude in the respiratory 
phase has relatively little effect on the heart volume and the stroke out- 
put as calculated by their method. It is e.ssential to guard only against 
abnormally high or Ioav intrathoracie pressures, such as occur Avith 
forced inspiration or expiration. 

The response to exercise of the patients Avhose ability to exerei.se Ava-s 
not limited by anginal distress Avas then mea.sured. The exerci.se con- 
sisted of a.seending and de.scending a thi*ee-step platform Avith a total 
rise from the ground of 2 Y 2 feet (76.2 cm.) a calculated number of time.s 
in a given period of time. The amount of Avork to be performed Ava.s 
determined from tables constructed by ifaster and Oppenheinier,-’ 
Avhich give the foot-pounds of Avork per minute that a normal pei-son 
of stated Aveight, age, and sex can perform Avith a return of pulse rate 
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also showed that when the diastolic volume was plotted against the work 
of the heart there was a tendency for the resultant value to move closer 
to the normal circulatoiy zone, as defined by Starr, in every instance, 
whether the : stroke output was increased, decreased, or remained the 
same. Starr’s method of plotting actually gives an expression which is 
related to changes in the mechanical efficiency of the heart under treat- 
ment j although this was notunentioned by him. The lack of agreement 
among investigators as to hoAV digitalis affects the hearts of human beings 
wfitli cardiac decompensation was due to the fact that the cardiac output 
was considered as the primaiy criterion of response. It is probable 
that both the investigators^® who claimed that there is no increase in 
stroke output and those^® who claimed that there is an increase in stroke 
output when decompensated hearts are digitalized were correct, and, 
had mechanical effieiencv been calculated, they would have arrived at 
iiniform conclusions. 

The precedmg studies on the mechanism of heart failure and the ac- 
tion of digitalis in restoring mechanical efficiency to optimal levels 
proinpted us to study the action of digitalis on people with compensated 
organic heart disease. Because of the fact that cardiac enlargement is 
usually present in this group, it seemed probable that these hearts 
maintained their eompenstition at an increased total energy expenditure, 
or, in other words, functioned with a decreased mechanical efficiency. 
Gonsequently, it was conceivable that digitalis might be beneficial. 

For this study Ave chose thirty-nine patients Avho liad objective man- 
ifestations of organic heart disease of various types,* but who had never 
had ovideiiee of congestive heart failure, such as dyspnea, orthopnea, 
congestion of the lungs, engorged liver, accumulation of fluid in the 
thoracic or abdominal eavitj’-, or peripheral edema. The hearts varied in 
size from 0 to 40 per cent greater than the aA'erage normal heart, as cal- 
culated from the tables of Ungerleider and Clark.-® All of these patients 
could be classified in Group 1 or Group 2A, as defined in Criteria for 
the Classification and Diagnosis of Heart Disease. These patients had 
normal venous pressures and circulation times. Their vital capacities 
were also measured, but patients with vital capacities lower than their 
predicted normal Avere not excluded if the results of other tests Avere 
normal, because this te.st, to a certain extent, is subjective, and the vital 
capacity may be changed by factors other than left ventricular failure. 
It is interestiag that only four of these thirty-nine patients had vital 
capacities loAver than 20 per cent of their predicted value, and in these 
eases there Avas no significant increase in vital capacity after digitaliza- 
tion, Avhieh Avould seem to shoAv that the Ioav vital capacities AA^ere due to 
factors other than passive congestion of the Iruig. 

Circulation times Avere measured by injecting 3 e.c. of a 20 per cent 
solution of neocalglucon into the anteeubital vein of the aim, held at the 


I,.. ‘There were nine cases of rheumatic heart disease, twenty 
neart disease, and ten cases of coronary arteriosclerosis. 


cases of 


hypertensive 
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of heart funetiou were made, were taken within five minutes of eaeh 
other. In Pig. 1, the scatter of duplicate values for tlie efficiency inde.x 
is plotted. The points fall about the 45 degree line at random, and the 
extreme limits of variation are 18 units. Approximately as many 
l)oints fall above as below the 45 degree line, and since the average of 


duplicate measurements was tal^en as the value for the efficiency inde.x, 

1 

the extremes of variation were reduced by — =^, or to 12.6 unit.«. 

V 2 

In Pig. 2, this zone of variability in method is plotted as a percentage 
variation to conform with the method of recording the results in per- 
centage changes from the original values. This zone includes the c.x- 
tremes of variation in about 130 measurements. Values falling outside 
the zone indicate a positive or negative change from their original state, 
whereas values falling within the zone cannot be considered to indicate 
a significant change from the original values. It is apparent that a 
more exact .statistical ana^'sis was not nece.ssary, for the results are 


clear cut. 


Por the purpose of constructing a graph to demonstrate the relative 
individual and mean change in the efficiency index, we selected that 
efficiency index which had the largest value, whether it occurred in the 
first or the third week of digitalization. We believe that this is justified, 
for the maximal response to therapy should occur with the best digitaliz- 
ing level. Since average doses of lanatoside 0 had to be used for all the 
subjects because there was no objective way of ascertaining the optimal 
dose for any one person, and since there are undoubtedly variations in 
the optimal requirements for digitalis from person to person, one is not 
justified in setting cither the first or the third week as the time of best 
degree of digitalization for all patients, or in a.ssuming that the degree 
of digitalization xnll be the same in the first week as in the third week. 
Purthermore, there was no way of telling whether the patients actually 
followed instructions regarding do.sage, because they were all ambulatory 
and were not seen between measurements. It is to be emphasized, how- 
ever, that had the results of either the first or the third week’s observa- 
tions been uniformly recorded, the conclusions, as well as the magnitude 
and the direction of change.s, would not have been altered in any sig- 
nificant way. 


Pig. 2 shows the scatter of the x’clative individual and mean changes 
in the efficiency index from the original value.s, represented by the 0 per 
cent line in each case, when patients with compensated heart disease 
and when normal pei-sons were digitalized as described. It will be noted 
that the efficiency index in only five of the thirty-nine cases (10 per cent) 
did not show an increase after digitalization. These five obseiwations 
fell within the zone of variability of the method. Tlie efficiency index 
of the fourteen normal hearts decrea.sed. Analysis of this figure would 
seem to justify the statement that lanatoside C xvill increase the me- 
chanical efficiency of the hearts of mo.st patients with organic heart dis- 
ease that are not as yet demonstrably decompensated, whereas it will de- 
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and blood pressure to normal pre-exereise levels within two riiinntes after, 
the exercise has been completed. The patient was instructed to walk 
over; the platform so that the calculated number of ascents was com- 
pleted in one minute. One minute after completion of the exercise, 
roentgenkymograms were made. Blood pressure readings were taken 
before and after the roentgenlmnograms were made. This is a rather 
crude test for exercise tolerance, but it served the purpose of pointing 
out trends in the circulatory function of the noi’mal and compensated 
heart before and after the administration of digitalis. 

Upon completion of these preliminary studies, the patients were given 
lanatoside C and instructed to take six 0.5 mg.* tablets daily for two 
daj’-s, and then to take one and two tablets on alternate days as a main- 
tenance dose. They were given no further instructions and in no way 
were cautioned to change or restrict their activities. The patients re- 
turned one week and three weeks after the preliminary observations and 
the beginning of digitalization. At each of these visits the patient re- 
ported at the same time and under similar conditions as on the original 
visit. The same routine was followed; duplicate Ic^miograms were made 
at rest, and one liymiogram was made after exercise. Between the sec- 
ond and third observations, electrocardiograms were made in alh eases 
and compared with the original tracings to ascertain the effect of 
digitalis. Eight}' per cent of the subjects with abnoi'mal hearts and 65 
per cent of those with normal hearts showed electrocardiographic evi- 
dence of digitalization. At the completion of the third observation, 
the venous pressure, vital capacity, and circulation time were rechecked 
and compai’ed with the values obtained before digitalization. 

Similar procedures and observations were carried out on the fourteen 
normal subjects. However, only two series of observations were made be- 
cause it seemed inadvisable to maintain these persons on digitalizing 
doses for longer periods of time. The second series of observations was 
made one week after digitalization, and in exactly the same manner and 
under the same conditions as in the group with organic heart disease. 

The administration of lanatoside C was discontinued at the completion 
of these observations, and the patients with compensated heart disease 
were followed in the cardiac clinic at the Minneapolis General Hospital. 
Approximately six months after the administration of lanatoside C had 
been discontinued, eighteen of the patients were recalled and roentgen- 
kymographic studies of their heart function were repeated, using the 
same routine and tecluiique as employed in the original studies. At this 
time only one series of duplicate observations was made, and the patients 
were given no digitalis. The purpose in re-examining these patients was 
to confirm or invalidate the observations made on the patients vdth' com- 
pensated heart disease when they were digitalized. ; 

Before presenting the results of our observations, it is necessary to 
show* some measure of the inherent variability in the method. In all 
our stu dies, duplicate roentgenk}miograms,.;from which the calculations 

■■‘A few small, asthenic patients were siveh five O.o m?. tablets, instead of •.si.x." ' 
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crease the mechanical efiSciency of a normal heart. In other words, 
glycosides of digitalis are toxic for normal hearts hut are beneficial to 
most abnormal hearts. 

It is necessary to say a few words about the five cases in which there 
was no increase in the efficiency index, but in which the change in 
efficiency index lay within the zone of variability of the method. The 
one patient who had a decrease of 5 per cent was thirty-six years of age, 
and had a blood pressure of 140/90, and a 13 per cent enlargement of the 
transverse diameter of his heart. He was included in this series because 
lie had a history of anginal distress. The results of physical examination 
were negative and the eleetrocai’diogram was normal. As the patient 
was followed, it was found that his so-called anginal distress was associ- 
ated with attacks of ventricular paroxysmal tachycardia. The degree 
of organic heart disease was in all probability minimal, so that one might 
expect him to respond more like the patients with normal hearts. Of 
the four other patients, one was a young man, 21 years old, with a re- 
cently discovered aortic stenosis and insufficiency which were asymp- 
tomatic. The other three patients had been coming to the out-patient 
department of the hospital for a long time. One had coronary arterio- 
sclerosis, another had rheumatic heart disease, and the third had hyper- 
tensive heart disease. Electrocardiograms of these patients showed no 
digitalis effect. ‘Whether this means that they did not take the digitalis 
as directed, it is not possible to Imow. It is also noteworthy that all five 
of these patients had circulation times that were less than sixteen sec- 
onds. 

The Avide scatter of improvement in the efficiency index in the thirty- 
four cases Avas probably associated Avith varying gradations of myo- 
cardial insufficiency in this group, as yet not severe enough to produce 
frank symptoms and signs of cardiac failure. The normal hearts re- 
sponded to digitalization Avith a mean decrease in efficiency of 33 per 
cent. The noi'mal hearts Avere closely grouped, probably because the 
function of each heart Avas veiy similar to that of every other, and there- 
fore the action of digitalis could be expected to produce similar results. 

Fig. 3 shoAvs the response of normal and abnormal hearts to the graded 
exercise tests. Before digitalization both the normal and abnormal 
hearts responded Avith an increase in the efficiency index of betAveen 5 
and 6 per cent. This obseiwation on the human heart is in accord Avith 
the laboratory observations of Starling and Visseher,^ who noted that 
the heart of the dog responded Avith a slight increase in mechanical 
efficiency AA'hen an increased load AAms placed on it. After digitaliza- 
tion, tAA'enty-tAvo patients Avith abnormal hearts responded to exercise 
Avith a mean increase in efficiency index of 29 per cent above the resting 
level, or 23 per cent above the efficiency index befoi’e the administration 
of digitalis. The normal group, on the other hand, shoAved a mean de- 
crease in efficiency index of 25 per cent beloAv the original resting values, 
or 30 per cent beloAv the efficiency index before the administration of 
digitalis. We can therefore say that the response of compensated and 
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Efficiency index I 

Fig.. 1. — Scattergi-aph demonstratins the variation in duplicate measurements of the 
efficiency index when efficiency index I is plotted against efficiency index 11. 
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by the decrease in the efficiency index below tlie zone of variability of the 
method. 

The degree of improvement in the efficiency index of the abnormal 
hearts was foimd to bear no direct relation to the size of the heart. The 
increase in efficiency index seemed to bear very little relationship to the 
type of heart disease. The mean increase in efficiency index was as fol- 
lows : 22 per cent in the cases of hypertensive heart disease, 26 per cent 
in the eases of rheumatic heart disease, and 27 per cent in the cases 
of coronary arteriosclerosis. These differences in response among the 
types of heai-t disease are not significant, although there seems to be a 
tendency toward greatest benefit in the eases of coronary arteriosclerosis. 
We frequently have noticed that digitalis seems to be especially efficient 
in cases in which heart failure is associated with coronary arteriosclero- 
sis. It is the limitation in oxygen supply which ultimately brings about 
failure in this group of cases, and it seems probable that digitalis would 
produce the most favorable results in this group by causing more efficient 
utilization of the available supply of oxygen. 

There is a rough correlation between the ratio of stroke output to 
diastolic volume and the response to digitalis, so that the more dispro- 
portionate the stroke output to the diastolic volume, the better the re- 
sponse to digitalis. Likewise, this ratio segregates the normal from the 
abnonnal heart (Fig. 3). Consequently, the ratio is valuable as a rough 
index of cardiac fitness, and one can say that the more disproportionate 
the stroke output to the diastolic volume, the less effective is the heart as 
a pump. 

The mean change in efficiency index in the twelve cases in which the 
circulation time "was between sixteen and twenty seconds was 39.9 per 
cent, whereas the mean change in efficiency index in twenty-six cases in 
which the circulation time was less than sixteen seconds was only 18.3 
per cent. Seven of the eight patients who had an increase in their 
efficiency index of 35 per cent, or more, had a cii'culation time of between 
sixteen and twenty seconds. All five of the patients who fell within the 
zone of variability, and, consequently, showed no significant response to 
digitalis, belonged in the group with circulation times of less than six- 
teen seconds. This would seem to indicate that an increase in the circula- 
tion time appears rather early in the development of heart failure. It 
also would seem to indicate that one may expect a good increase in the 
mechanical efficiency of organically diseased hearts if digitalis is given, 
despite the absence of the usual signs and symptoms of frank heart 
failure, providing the circulation time is between sixteen and twenty 
seconds. 

Since the efficiency index is an expre.ssion of work per beat divided by 
the diastolic volume, and since the w'ork per beat is obtained by multiply- 
ing the stroke output by the mean artei’ial pressure, it is obvious that any 
one of these functions, considered by itself, is insufficient to explain the 
whole stoiy of the function of the heart and its response to digitalis 
therapy. In Fig. 5 we have plotted the scatter of relative individual 
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organically diseased hearts to increased strain is definitely improved by 
digitalis, whereas the response of normal hearts is definitely impaired 
by digitalis. 

The change in the efficiency index caused by digitalis was of approx- 
imately the same magnitude in this series as at rest, namely, +23 per 
cent and -30 per cent, respectively, for abnormal and normal hearts, as 
contrasted mth +24 per cent and -33 per cent, respectively, at rest. 
This degree of correlation in the magnitude and direction of response 
of normal and abnormal hearts to digitalis under both conditions of 
rest and exercise seems striking. 
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Fig. 3. — Scattergraph demonstrating the relative individual and mean change in 
efficiency index from original values in normal subjects and in cases of compensated 
heart disease caused hy exercise, before digitalization and after digitalization. The 

changes in efficiency index are plotted against the ratio of ^^roke - output _ . 

diastolic volume 

a rough index of heart fitness. 


Measurements of cardiac function were again made six months after 
the administration of digitalis had been discontinued. Fig. 4 shows the 
results in the eighteen cases that were restudied. 'Whereas the mean per- 
centage increase in the efficiency index was 32 per cent for this group 
when digitalized, the mean percentage change in efficiency index was -7 
per cent six months after the administration of digitalis had been, dis- 
continned. From these studies it is apparent that these patients were 
no better off six months after the administration of digitalis had been 
discontinued than they were before it was started. In nine eases 
(50 per cent) the function of the heart was definitely worse, as indicated 



364 


AMERICAN HE^UiT JOURNAL 


and mean changes in stroke output from original values, represented by 
the 0 per cent line, when patients with compensated heart disease, and 
when normal persons, were digitalked. The abscissas represent the 
original values, and the ordinates represent the percentage change in 
stroke output after digitalization. As in the case of the efficiency index, 
the maximal variation in the method of measuring the stroke output 
was ascertained by making a seattergraph of duplicate measurements of 
stroke output. All of the points are closely grouped about the 45 degree 
line, and have a maximal variation of 4.1 units. The zone of maximal 
valuation in the method has been drawn in Fig. 5 as a percentage varia- 
tion, to conform with the method of reporting changes in stroke output. 
Again a sharp difference between the response of the compensated hearts 
and that of the normal hearts is demonstrated. There was a mean in- 
crease of 19.4 per cent in the stroke output of the compensated hearts, 
whereas the normal hearts showed a mean decrease of 34.6 per cent. 
Twenty-nine (75 per cent) of the patients with compensated heart dis- 
ease fell above the zone of variability in the method, and showed a defi- 
nite increase in stroke output. The remaining ten patients (25 per 
cent) showed no significant change in stroke output. All of the normal 
subjects fell below the zone of variability in the method, and showed a 
significant decrease in stroke output. These observations are in accord 
with those of Stewart and his co-workers,® in that not all patients with 
compensated heart disease respond to digitalis Avith an increase in stroke 
output; some show no significant change. One must remember that 
changes in the stroke output cannot be relied on to give a complete pic- 
ture of functional change in the heart after digitalization. It is neces- 
saiy to knoAv the change in blood pressure, because this is one of the 
factors in mechanical Avork, as Avell as the change in diastolic vohune, 
Avhich is a measure of total energy metabolism. 

It A\fill be noted that the original stroke output in the cases of com- 
pensated heart disease Avas of the same order as the original stroke out- 
put in the normal group, and it may seem pei*plexing that there Aims 
a marked increase in stroke output after digitalization. HoAvever, it is 
to be remembered that the stroke output in this compensated group Avas 
small compared Avith the size of the heart. In consequence of the in- 
creased diastolic volume, these compensated hearts developed more total 
energy per stroke than normal hearts; therefore, Avhen enlai'ged hearts 
increase their mechanical efficiency, they Avill expel much more blood 
per beat than the normal heart if the diastolic Amlume remains approx- 
imately the same. Digitalis, by increasing the mechanical efficiency of 
these organically diseased hearts, converts more of the available energy 
to useful work, and if the diastolic volume remains larger than normal, 
it AviU produce an increase in stroke output. The decrease in the stroke 
output of the noi-mal hearts is in accord Avith observations of other in- 
vestigators, Avho noted a decrease in the stroke output of normal 
hearts®’ of human beings and dogs Avhen digitalis Avas given.®”'*® 
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Pig. 4. — Scattergraph demonstrating tiie relative individual and mean change in 
effioiency index from original values in cases of compensated heart disease during 
period of digitalization and six months after administration of digitalis had been 
discontinued. 
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tion. This difference in the trends of the systolic volume of the ab- 
normal and normal hearts after digitalization gives a clue to the mech- 
anism by which digitalis decreases the stroke output of the normal heart 
and increases the stroke output of the abnormal heart. 

Our observations show that, in cases in which the heart is normal, 
digitalis, wlien given in full, digitalizing doses, acts as a myocardial 
poison, so that the mechanical efficiency is reduced, and, therefore, the 
percentage of energi"- converted to circulatory work is decreased In- 
asmuch as the heart is incapable of perfomiing as much circulatory 
work as it did previous to digitalization, it empties itself less completely, 
and, as a consequence, the systolic volume is increased and the stroke 
output decreased. On the other hand, in abnormal hearts a greater 
percentage of the available energy is converted into circulatory work, 
rvith a resultant increase in the force of sjmtolic contraction. As a con- 
sequence, the systolic volume decreases and the stroke output increases. 

The circulation time, venous pressure, and vital capacity were re- 
measured during the administration of digitalis. No significant changes 
were noted in the venous pressures, which were all within normal limits 
to begin with. In ten eases, the circulation time was between seventeen 
and t\venty seconds ; in eight of these eases the circulation time “was less 
than sixteen seconds after digitalization, which is readily explained by 
the increase in stroke output. In aU eases there was a mean increase 
in vital capacity of only 2 per cent after digitalization. In only two 
of the twenty cases in which the vital capacity was less than the pre- 
dicted normal did the capacity increase to the predicted normal after 
the administration of lanatoside C. In the remaining cases there was 
either no change or a minimal decrease in vital capacity. From these 
observations it seems apparent that the initial reduction of vital capacity 
in these eases was caused by extracardiac factors. 

Subjectively, the majority of the patients wdth compensated heart dis- 
ease noted no change while digitalis was being administered. A few 
patients stated that physical exertion did not exhaust them as rapidly 
as it previously had. One patient stated that she had difficulty “catch- 
ing her breath” during the fix-st wmek of digitalization, but this symptom 
subsequently disappeared. This patient was a woman, aged 22 years, 
with a recently discovered aortic stenosis and insufficiency. She had an 
increase in her efficiency index of only 2 per cent when .slie was digital- 
ized; therefore, she showed neither a positive nor a negative response 
to digitalization. 

CONCLUSIONS 

1. Of thirty-nine patients with clinically compensated, but organically 
diseased, hearts, thirty-four (87 per cent) shoxved definite improvement 
in meelianical efficiency when they were digitalized, whereas the remain- 
ing five, although they did not show any significant improvement, were, 
nonetheless, no worse after digitalization. 
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Botli the normal and abnormal hearts showed a decrease in the di- 
astolic volnme when digitalized; the mean percentage decrease was 
3.2 per cent in the normal group and 3.8 per cent in the abnormal group, 



Pigr. C. — Dia£rf,im demonstrating the mean relative cliange in the various heart 
functions from original values in normal subjects and in cases of compensated heart 
disease during the period of digitalization. In the latter group the mean relative 
changes that occurred six months after the administration of digitalis had been dis- 
continued have also been charted. 

as shown in Fig. 6. In other words, the total consumption of oxygen 
(liberation of energy) was reduced slightly in both groups. Six months 
after the administration of digitalis had been discontinued, the diastolic 
volume of the abnormal hearts had increased slightly beyond the origi- 
nal volnme. One will note in Pig. 6 that the systolic volume of the ab- 
normal hearts decreased even more than did the diastolic volume, where- 
as tile systolic volume of the normal hearts increased after digitaliza- 
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2 . On the other hand, fourteen persons with normal hearts showed a 
definite impairment in cardiac function after the administration of 
digitalis. In these cases digitalis acted as a cardiac poison. 

3. Of the eighteen patients with compensated, but organically diseased, 
hearts who were restudied six months after digitalization was discon- 
tinued, nine had the same cardiac function that they had before digital- 
ization ; in the remaining eases, the heart was less efficient than it had 
been before digitalization. 

4. The degree of improvement in mechanical efficiency in cases of 
eompeiisated heart disease has been correlated with circulation time. 
It was greatest in eases in which the circulation time was sixteen to 
twenty seconds. 

5. The response to digitalis was essentially the same in hypertensive 
and rheumatic heart disease and in coronal-}^ sclerosis. 

6. Digitalis exerts its action primarily on the cardiac muscle by 
changing the mechanical efficiency of the heart. 

a. In the compensated organically diseased heart it increases the 
mechanical efficiency, so that a greater percentage of the total energy 
liberated is converted to mechanical work. 

b. In the normal heart, digitalis acts as a poison and decreases the 
mechanical efficiency, so that a smaller percentage of the total energy 
liberated is converted to mechanical work. 

7. It appears that everj^ heart is endowed with the ability to work 
at a given mechanical efficiency which cannot be increased by digitalis 
unless organic heart disease has reduced this inherent mechanical ef- 
ficiency, under which circumstances digitalis tends to raise mechanical 
efficiency toward normal levels. 

8. We believe that digitalis is definitely indicated for organically 
diseased and enlarged hearts which appear compensated, when the cir- 
culation time, as measured by the calcium gluconate arm-to-mouth 
method, is greater than sixteen seconds. 

9. Our studies seem to indicate that digitalis does no harm and is 
beneficial for many of these hearts when the circulation time is less than 
sixteen seconds, but since the main objective in digitalizing these pa- 
tients is to increase life expectancy and physical fitness and to ward off 
heart failure, a long period of observation will be necessary to ascertain 
the ultimate benefit of digitalis. 
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k and r- are the same for the three points, they may be disregai'ded. 
Irrespective of Avhat the actual value of angle 6 is, the sum of cos 6 -f 
cos {6 + 120°) + cos (6 + 240°) always equals zero. For example, in 
Fig. 1, a, the value of angle 6 is approximately 90°. The potentials of 
the extremities would therefore be : 

LA = cos 90° = 0 

F A = cos 210° = cos - 30° = -.87 
LL = cos 330° == cos + 30° = +.87 
and 0 + .87 + (-.87) = 0. 

2. Any two points (on the same plane of the sphere) separated by 
an angle of 180° -will have potentials of the same magnitude but of op- 
posite polarity. An example will make this clear : 

In Fig. 1, 1), the potentials of points A and B are as follows : 

A — cos 6 
B==eos (180° -0). 

Since 6 is 120°, 180° - 0 is 60°. The cos 60° is V 2 ; and cos 120° 
is - 1 / 2 - 

3. Since the magnitude of the potential of any point (on the periphery 
of the sphere) varies with the cosine of the angle formed by a line drawn 
from the point to the center of the dipole and its positive pole, there 
will be two points of equal maximum potential, but of opposite polarity. 
These, of necessity, will be located so that they make angles of 0° and 
180°, respectively, with the dipole. 

4. Since this is so, the following indii’cct method can be used to find 
these two points of maximum potential: If any point, P, be taken 
on the surface of the sphere (lying on the same p)lane as RA, LA, 
and LL), and if the potential difference between P and every other 
point on the surface of the sphere in this plane be ascertained (as 
with the electrocardiograph), the largest (+) deflection, irrespective 
of its actual value, and the deepest (-) deflection, irrespective of its 
actual value, will be derived from the two points of equal maximum po- 
tential but of opposite polarity. Fig. 1, c, illustrates this. Assume that 
P has a potential of -2 units. If P and G are connected to the electro- 
cardiograph and the potential difference measured, it will be found to be 
+5.6 (-2 - [-7.6] ). Similarly, P - // = +8, P - / = +4.7, P - J = -2, 
P~K^ -9.6, F-L = -12, P - 1/ = -8.7, and F-N = -2. The max- 
imum (+)" value is +8, formed by the potential difference between P 
and //. The maxunum (-) value is -12, formed by the potential dif- 
ference between P and L. The actual values of points II and L, as can 
be seen in Fig. 1, b, are -10 and +10, respectively. 

5. As a final corollary, it should be emphasized that, according to the 
Einthoven concept, the dipole and the extremities lie on the same plane 
(the frontal plane of the body, Avhich divides the body into anterior 
and posterior portions). Consequently, the potentials of any vector 
passing in a direction at right angles to the frontal plane (i.e., anteriorly 



THE VALIDITY OE THE EINTHOVEN TRIANGLE 

HYPOTHESIS 

Emanuel Goldberger, M.D. 

New York, N. Y. 


INTRODUCTION 


I N RECENT Avork of onrs, the technique and principles of augmented 
hnipolar extremity leads were described^' ^ Inasmuch as the rise 
of this technique, just as with Wilson’s ordinary unipolar extremit 3 '' 
leads,* depends on the validity of the Einthoven triangle hypothesis, it 
was deemed advisable to review this latter subject and re-evaluate it, if 
possible. 

, In its barest outline, the Einthoven hj-pothesis may be described 
as follows: (1) The body is a homogeneous conducting medium.® 
Whether its shape be considered as a triangle, a circular disk, an 
infinite lamina, or a sphere of large or infinite radius is unimportant.® 
In this paper, it shall be considered as a sphere. (2) The electrical 
activity of the heart, at a gir^en instant, may be regarded as a dipole 
(a + and - pole, separated by a finite distance). (3) The dipole is 
located in the center of the sphere. (4) The extremities (right upper, 
left upper, and left lower) may be considered as linear extensions of 
three points on the periphery of the sphere. They lie' on the same plane 
as the dipole (corresponding to the frontal plane of the body), and are so 
located that, if they Avere to be joined by straight lines, they Avould form 
the apices of an equilateral triangle, in the center of Avhich Avould be the 
dipole. This, in essence, is the Einthoven triangle concept.’"' 

If this is so, certain corollaries may be deduced : 

1. The algebraic sum of the potentials of the extremities, at a given 
instant, must equal zero. This is illustrated in Pig. 1, a. In Fig. 1, a, 
if the vector (the arroAv) indicates the magnitude and direction of the 
electrical acti-vity of the heart at a given instant, the potential at the left 

K cos B 

arm {LA) is equal to — , where k is a constant, r the distance of 

the electrode to the center of the dipole, and 9 the angle made by a line 
draAvn from LA to the center of the dipole and the (+) pole of the 

vector. The potential at BA is therefore — ^ > ^^^.d the 

potential at the left leg (LL) Since the values of 
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point on the frontal plane of the body. As a rule, we placed the wander- 
ing electrode in the right axilla, in the right supraelaTieular fossa, on 
the head (the electrode was arbitrarily placed at the angle of the right 
jaw, inasmuch as all points on the head have practically the same po- 
tential") in the left supraclavicular fossa, on the left arm (Lead I), in 
the left axilla, at the left midaxillary line at successive points, begin- 
ning at the level of the fourth intercostal space anteriorly and proceed- 
ing°to the lower level of the ribs; on the left leg (Lead II), and at 
varying points along the right midaxillary line. 

The records taken with the wandering electrode at each of these points 
recorded the difference of potential between the potential of the right 
arm (the feed point) and the potential of any of the points just de- 
scribed. With these records the electrocardiograph was standardized so 
that a deflection of 1 cm. represented a potential of 1 millivolt. After 
the records Avere taken, they Avere immediately developed and studied. 




Fiff. 2 . — Uj Hookup to take a record from the left arm, usins as an indifferent 
electrode two points of maximum potential (as ascertained ' by the method described 
in the text), b. Hookup to take a record from the left arm, using the authors 
method of obtaining augmented unipolar extremity leads. 


The points from Avhich the largest (-t) deflection (irrespective of its 
actual value), and the deepest (-) deflection (irrespective of its actual 
value) Avere thereby obtained. Electrodes were reapplied to these two 
regions and connected together by means of an oi'dinary copper Avire 
sliunt (Pig. 2, a). These joined electrodes Avere then used as an indif- 
ferent electrode, and records AA'ere taken from the right arm, left arm, 
and left leg (Figs. 3 and 4). In these records, the electrocardiograph 
Avas so standarclized that a deflection of 1.5 cm. Avas equivalent to a po- 
tential of 1 inilliA'olt. Alter this aa'us done, the unipolar extremity 
records Avere taken from the right arm, left arm, and left leg, using the 
author’s technique of obtaining augmented unipolar extremity leads.* 
With tills method the records obtained arc three-halves of their actual 
magnitude, even Avhen the electrocardiograph is standardized in the usual 
mannei-. The augmented unipolar extremity lead records Avere then com- 
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or posteriorly) will be without effect on any point on the frontal plane, 
including the extremities. The reason for this is that all points on the 
frontal plane form an angle of 90° wdth such a vector (and cos 90° = 0) 
(Fig. 1, d and e) . 

The use of the indifferent electrode of zero potential, employed by the 
author to obtain unipolar leads, depends on the validity of corollary 1, 
namely, that the algebraic sum of the exlreniity potentials at any given 
instant equals zero. Similarly, if the points of maximum equal potential 
but of opposite polarity were to be found and joined together to a cen- 
tral terminal, the potential at this terminal would also be zero, accord- 
ing to Kirehkoff’s Law.^ (In Pig. 1, c, the value at such a tenninal 

would be equal to tp ~ = 0-) Therefore, electrocardiograms taken 

with either of these two methods should be identical if the postulates 
of the Einthoven concept are valid. It^was this method that we used 
in the following study of the validity of the Einthoven hypothesis. 



Fig. 1. — a, The relations of the extremities to the dipole representing the electrical 
activity in the heart. RA, right arm ; JOAj left arm ; LLj left leg ; the arrow repre- 
sents a dipole. For furtlier details see text, b. The relations of any t5vo points 
separated by an angle of 180° to the dipole; For details see text, c. The potentials 
of varying points on the surface of the sphere lying on the same plane as the dipole. 
For details see text. d, and e. The effect of a dipole which points in a direction at 
right angles to the plane of the extremities.. In d, the dipole may be considered as 
pointing inward, away from the reader. In e, the sphere is viewed from tire right 
side. The full magnitude of the vector (the aiTow) can now be seen. For further 
details see text. 


METHOD 

Glu- procedure was as follows: The subject either sat or reclined. The 
right arm was arbitrarily chosen as a fixed point. The electrocardio- 
graph was set for Lead I. The right arm lead wire from the electro- 
cardiograph was connected to the electrode on the right arm, and the 
left arm lead wire from the electroeardipgraph was connected to another 
electrode, which was placed on yai-yirig portions' of tbe body (all lyino- 
on the frontal plane). It was riot necessary to take'-records from every 
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pared to the extremity records which were taken with the two points of 
maximum (+) and (-) potential as the indifferent electrode. 

ilATERLVL 

Ten eases, selected at random from patients in the hospital, were stud- 
ied. Among these were five Avith normal electrocardiograms, three Avith 
the patterns of left A^entrieular preponderance, and tAVO eases of myo- 
cardial infarction. 


L.Azth R.Arm L.leg 
lead' lead lead 



Fife'. -1 — Case 2. Upper row, e.\treniity leads obtained by usingr as an indifferent 
electrode two points on the body, namely, the right supraclavicular fossa and the 
left mldaxlUary line at the level of the sixth intercostal space anteriorly (these two 
points were determined by the method described In the text). Lower row, the aug- 
mented unipolar extremity leads. 


RESULTS 

Our technique AA'as, at best, relatiA^ely cimde, inasmuch as it is diffi- 
cult at times to ascertain exactly the midaxil Jary line, and because slight 
A’ariations in position, especially in the left midaxillary line near the 
heart, Avill sometimes cause considerable change in the potential. In 
spite of this, and the small number of subjects studied, the constancy 
of the results is significant. Figs. 3 and 4 show tAvo examples. Case 
1 Avas that of a 54-year-old AS'hite man Avho .suffered from extensive myo- 
cardial iniai’ction. The three standard leads had a doAvnwai'dly directed 
QRS and low A'oltage, indicating the extensive myocardial damage.® 
In this case the distribution of polaidty AA’as just the opposite of that 
Avliieh is encountered ordinarily in either normal subjects or in eases 
of heart disease because here the largest (-f ) deflection Avas found in the 
right axilla (point 2 , Fig. 3), and the deepest (-) deflection Avas found 
in the left leg (point 11 , Fig. 3), (Izi the normal the right upper half 
of the body usually has a [-] potential and the left lower half of the 
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Pig. 3. — Case 1. Points i to 11 represent the electrocardiograms derived by using 
the connections of Lead I, but, instead of having the left arm lead wire on the left 
arm, placing it on various points, as follows: 1, right midaxillary line at level of 
third intercostal space (anteriorly) ; 2, right axilla ; S, right supraclavicular fossa ; 

head (electrode at the right angle of jaw) ; 5, left supraclavicular fossa; 6, Lead I 
(left arm) ; 7 to 10, points along the left midaxillars'- line; 11, Lead II (left leg). 
The upper row of extremity leads (left arm, right arm, and left leg leads) was ob- 
tained by connecting points 2 and 11 to form eui indifferent electrode. These records 
were taken with the electrocardiogram at three-halves normal sensitivity. The lower 
row of extremity leads record the augmented unipolar extremity leads. 
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distant from each other or from the dipole. The mean potential of 
these two points may or may not equal zero. If zero, it will be either 
because the conditions of the Einthoven hypothesis exist, or as a fortu- 
itous result. 

Similarly, any three points, other than the extremities, may be se- 
lected and joined to a central terminal. The potential of this central 
terminal also may or may not equal zero. Its value Avill be zero either 
because the conditions of the Einthoven hypothesis exist, or fortuitously. 

The mean potential of the points of maximum (+) and (-) potential 
and the mean potential of the three extremities can therefore equal each 
other as a consequence of only three conditions: 1. The Einthoven 
triangle hypothesis is invalid, and the equality of values is a matter of 
coincidence. 2. The Einthoven hypothesis is invalid, but such other con- 
ditions exist to cause the equality to be maintained. In such a ease, the 
values of each would either be (+) or (-), and only zero fortuitously. 
3. The Einthoven hypothesis is valid, and both values are zero. 

With respect to the first condition, the equality of values may be the 
result of coincidence in an isolated case, but it is difficult to conceive 
of coincidence as a determining factor when more than one case is stud- 
ied. With respect to the second condition, it might be possible to devise 
a theoretical system in which such a relationship would hold regularly, 
although wo have not been able to do so. Therefore, it may be said that 
the equality of values is iwt due to construction, but is a manifestation 
of the validity of the Einthoven hypothesis. 

It may be pointed out that it is not necessary to get the maximum 
values of the P and T waves (which vary independently of the QKS 
complex), because, as is demonstrated in corollary 2 and Pig. 1, h, 
two points separated by an interval of 180° will record potentials equal 
in magnitude but opposite in polarity. 

CONCLUSIONS 

The use of the system of unipolar leads devised by Wilson and by 
the author depends on the proposition that the algebraic sum of the 
potentials of the extremities at a given instant always equals zero. This 
can only be so, however, if conditions within the body correspond to the 
postulates of the Einthoven triangle concept which were described in 
the text. However, direct pi’oof of this is impossible because, irrespective 
of whether the hypothesis is valid or not, the algebraic sum of the ex- 
ti’Cmity potentials, as obtained in the electrocardiogram, equal zero. 
This, as was pointed out, is a result of construction. However, if the 
Einthoven concept is valid, another corollary can be deduced, namely, 
that every two points on the surface of the body lying on the same plane 
as the source of electrical activity and separated by an angle of 180° 
have values equal in magnitude but opposite in polarity. By means 
of this corollary, the points of maximum equal potential, but of oppo- 
site polarity, can be obtained, theoretically and actually. Since the 
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body usually is Notice how not only the character of the QES 

complexes hut of the ES-T segment deviations and T waves are identical. 

Case 2 was that of a 62-3mar-old white man with moderate hyperten- 
sion.; In this instance the largest (+) deflection was found in the left 
midaxillary line.at the level of the sixth intercostal space, and the deep- 
est (-) potential in the right supraclavicular fossa. These two points 
were joined to form a central terminal, and the records shown in the 
upper row of Pig. 4 were then recorded. These are compared to the 
augmented unipolar extremity leads (Pig. 4, lower row) . 

DISCUSSION 


One of the characteristics of unipolar extremity leads, as obtained 
by the author’s method, is the fact that, even if the indiiferent electrode 
does not have a potential of zero, the algebraic sum of the potentials of 
the records obtained from the three extremities will equal zero. This 
is merely due to construction. Thus, the right arm lead actually records 
the difference of potential between the right arm and the mean potential 

of the left arm and left leg, or EA — - . Similarly, tlie left arm 


lead records LA - and the left leg lead, LL The 

smn of these three leads is 

{UA - . (la - . (ll - , 


2EA — LA — LL -r 2LA — EA — LL + 2LL — EA — LA = 0 
. A similar situation holds if Wilson’s original technique is used. Here 
the three extremities are joined to form a central terminal. The sum 
of the extremity potentials so recorded is : 


(ea - - 


EA 4. LA 




LA 


EA + LA + LL\ 




(ll - 


SEA - EA - LA - LL + SLA - EA - LA - LL + 3LL - EA 
~ LA - LL = 0 

Therefore, the characteristics of unipolar extremity leads, as recorded, 
cannot be used as a criterion of the aceuracj'- of the Einthoven triangle 
hypothesis. 

With respect to the method of proof advanced in this paper, the prob- 
lem resolves itself into the question: “Is the fact that the mean po- 
tentials of the points of maximum (f) and (-) potential are equal to 
the mean potential of the extremities also due to construction, or is it 
actually a manifestation of the validity of the Einthoven hypothesis”? 
With respect to the answer to this, maximiun ('+) and (-) potentials 
can be obtained whether or not the body is a homogeneous conductor, 
whether or not the electrical activity of the heart is a dipole or some 
complex battery, whether or not the center of this electrical activity lies 
in the center of the body, and whether dr not the extremities are equi- 



EFFECT OF ATEOPINE UPON TPIE PROLONGATION OF THE 
P-R INTERVAL POUND IN ACUTE RHETOIATIC FEVER 
AND CERTAIN VAGOTONIC PERSONS 

Captain Roger AV. Robinson, j\I.C., Ar^iy op the United States 

I T HAS been suggested that a physiologic dose of atropine will shorten 
the P-R interval in heart block due to vagotonia and fail to do so 
in the heart block found in rheumatic fever. As a result of this con- 
ception, atropine has been used as a diagnostic test in cases of heart 
block, to differentiate between vagotonia and rheumatic fever. This 
practice has more or less persisted, even though Bruenn^ showed, in 
1937, that atropine shortened the prolonged P-R inteiwal to normal in 
nineteen of tiventy-tAvo eases of acute rheumatic fever. In my experi- 
ence with this procedure, it was soon observed that atropine did shorten 
the prolonged P-R interval in rheumatic fever, as observed by Bruenn, 
as well as in vagotonic persons. Inasmuch as many rheumatic fever 
eases and a fair number of vagotonic patients with prolonged P-R inter- 
vals Avere available, a comparative study was undertaken to ascertain 
definitely the value of atropine as a test to differentiate between the pro- 
longed P-R interval of the vagotonic subject and the rheumatic fever 
patient. 

PROCEDURE 

Group 1. — Seventy-seven patients who liad active rheumatic fever 
and whose electrocardiograms showed a P-R interval of 0.21 second, or 
longer, were studied. The patients were divided into two subgroups. 
Group lA consisted of forty-three patients. They were given the follow- 
ing test : A control electrocardiogram was taken in the supine position, 
ihe patient was then given ^75 grain of atropine subcutaneously, and 
electrocardiograms were made at 20, 40, 60, and 120 minutes after the 
administration of atropine. It ivas found in this group (Group lA) that 
the maximum shortening of the P-R interval occurred at the end of 
twenty minutes. In Group IB, therefore, consisting of thirty-foiu' 
patients, the same test was given with the exception that only a control 
tracing and one twenty minutes after the atropine were taken. The 
patients were kept flat in bed during the test period. 

Group 2 . — This group consisted of twelve vagotonic persons with pro- 
longed P-R intervals. They were chosen to compare with Group 1, and 
were subjected to the same procedure as described previously. 


RESULTS 

Group 1 . — Group lA was observed over a two-hour period after Yin 
grain of atropine. The P-R interval ranged from 0.21 to 0.32 second. 
Shortening of the P-R interval occurred in all of the forty-three easc.s 
and varied from 0.02 to 0.18 second (Fig. 1), The average shortening 
of the P-R interval for the entire group was 0.05 second. The maximum 
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. mean potential of these two points equals zero if tlie Einthoven hy- 
pothesis is valid, extremity records obtained by using these two points 
as an indifferent electrode can be compared with the usual unipolar 
extremity lead records. Our observation that records so obtained and 
compared are identical allows us to conclude that the Einthoven h}''- 
pothesis is valid, as is our method of obtaining unipolar leads. 

APPENDIX 

Lead II = Lead I + Lead III because of construction, and bears no 
relation to the validity of the Einthoven hypothesis.® It is due to the 
fact that, in Lead III, the connection of the left arm to the electrocardio- 
graph is the reverse of its connection in Lead I. Therefore, Lead III 
records the difference of potential between the left arm and left leg, viz., 
LA - LL, whereas, in Lead I, the difference of potential between the 
right and left arms is recorded RA - LA. If these two leads are added 
together, the values of the LA cancel each other out, RA - LA + LA - 
LL == RA - LL, which is Lead II. 
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were some rather unexpected effects upon the heart I’ate. The rate was 
increased in tliirty-three, unchanged in two, and definitely slower in 
seventeen cases. There were frequent, transient variations in the ampli- 
tude and direction of the P waves after the atropine. There was a 
definite decrease in the amplitude of P, and Pg, and occasionally P^, of 
short duration, in twenty-one of these cases. Pg wms inverted, tem- 
porarily, in seven instances. In one ease, Pj, Pg, and Pg hecame inverted 
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Fig. 2. — Chart allowing the maximum shortening of the P-R interval in each of the 
seventy-seven cases in tills .study of rheumatic fever patients. 


for a short time during the experiment (Fig. 3). There was no 
significant effect on the P wnves in the remaining eases. Two patients 
with P-R intervals of 0.2-1 and 0.23 second, respectively, had temporaiy 
nodal rhythm twenty minutes after grain of atropine subcutaneously. 

In analyzing the cases used in this study, it became apparent that a 
majority of the patients were coming under observation after they had 
had rheumatic fever for more than two montlis. This was because 
patients in the acute .stage of the disease were being retained in Station 
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shortening of the P-R interval occurred 20 minutes after giving the 
atropine in twenty-three cases, and 40 minutes after in twenty cases. 
Tlie P-R mterval returned to the control duration within 40 minutes 
after the atropine in one instance, within 60 minutes in seven cases, and 
•within 120 minutes in seventeen eases. In the remaining cases, the P-R 
interval was still shorter than the control reading at the end of two 
hours. ; ' . 



a & c 


Pig. 1. — a. Shows a P-R interval of 0.30 second in a case of acute rheumatic fever. 
h. Tracing- taken twenty minutes after 1/75 grain of atropine subcutaneously. The 
P-R interval has been shortened to 0.14 to 0.16 second, c. Two hours after the atro- 
pine the P-R interval is prolonged slightly to 0.20 to 0.22 second. 

G-roup IB Avas follmved over a twenty-minute period after grain of 
atropine. The P-R intervals ranged from 0.21 to 0.36 second. Short- 
ening of the P-R interval occurred in each of the thirty-four cases in this 
group, and varied from 0.02 to 0.14 second, A\dth an average of 0.047 
second. 

By combining Groups lA and IB, seventy-seven patients Avith rheu- 
matic fever shoAved an average shortening of the P-R interval of 0.049 
second after ^/4 5 grain of atroiiine hypodermically. Pig. 2 shoAvs the 
maximum shortening of the P-R interval in each ease in tliis group. 

There Avas no significant effect on the QRS interval after' giving 
atropine. In the cases Avliich Avere followed over a two-hour period there 
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stages of rheumatic fever and in the following months of subacute 
activity, as long as the P-R interval is prolonged. It is in this latter 
group of eases that a test capable of differentiating between heart bloeli 
produced by vagotonia and active rheumatic fever would be of definite 
benefit. In many eases the only sign of activity of rheumatic fever may 
be prolongation of the P-R interval months after the acute joint symp- 
toms and fever have subsided. If the acute stages of the rheumatic 
fever were so mild as not to be recognized, it would be difficult to 
intei-pret prolongation of the P-R interval which was first detected 
several months after the onset of the disease. 



tiS. I. — a. This patient had neufocirculatoi’y asthenia and marked vagotonia. P-R 
inleryal was 0.36 -second before atropine, b. Twenty minutes after 1/75 grain of 
atropine subcutaneousiy tlie P-R interval was 0.20 second. 

Group 2. In ‘Order to ascertain whether there is any -mu-teilal diff er- 
ence m the reaction of rheumatic fever patients and vagotonic persons to 
atropine, a group of twelve vagotonic subjects witii prolongation of the 
P-R inteiwal was studied with the atropine test over a two^our period. 
The age of these patients ranged from IS to 31 years. Only one was 
over 26 years of age. There was no history of rheumatic fever, chorea, 
diphtheria, or the consumption of a drug in any ease. There were no 
symptoms of degenerative heart di.sease. The blood pressure was normal 
in every instance. TJie heart was of normal size on physical examination 
and roentgenologic-ally in each case. There were three that had soft, 
••functional,” systolic murmurs in the pulmonic area. The tempei-a- 
ture and sedimentation rates were normal. All presented the typical 
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Hospitals until it became evident that prolonged hospitalization would 
be necessary. For the purpose of ascertaining whether or not atropine 
shortened the P-H interval in the more acute stages of rheumatic fever, 
as weU as in the subacute stage, the patients were classified according 
to whether they had been under observation during the first six weeks of 
their rheumatic fever or after t^vo months. There were nineteen eases 
in which the atropine test was done during the fii’st six weeks. The 
average shortening of the P-E interval in this group was 0.052 second. 
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Fig. 3. — a. Patient with 
bj The same patient, forty i 
inverted P waves in Leads 
c. Two hours after the atro 
has returned to the control 


There were fifty-three 
time between the second 
average duration of tl 
months. The average 
was 0,043 second. It i, 
eases that atropine sh 








THE EFFECT OF EXPERIMENTAL CORONARY ARTERY 
LIGATION ON THE COENZYlilE I AND GO CARBOXYLASE 
CONTENT OF THE MYOCARDIUM OF THE DOG 

"Wm. M. Govier, M.D. 

Glenolden, Pa. 

I T HAS been sbo^vn that breakdown of inti’acellular coenzymes occurs 
in shock and anoxia, and that this breakdown can be remedied by the 
administration of the corresponding vitamins.^’ - With this work as a 
background, we thought it would be interesting to investigate another 
important condition invohung tissue anoxia, namely, that of coronary 
occlusion. When experiments on coronary ligation Avere begun, co- 
carboxylase was estimated in normal and ischemic cardiac muscle, as Avill 
be described, but no significant changes were demonstrable, contrary to 
the results obtained in previous studies of other tissues in shoek.^ When 
coenzymes other than coearboxylase were considered, the fact that the 
heart is unable to metabolize lactate after coronary occlusion^ suggested 
that coenzyme I, or diphosphopyridinenueleotide, the coenzyme of lactic 
dehydrogenase, might be destroyed. Since lactate is the preferential car- 
bohydrate substrate for heart muscle,'**® a breakdoAvn in its metabolism 
may be of importance from the standpoint of the viability of the ischemic 
cells. The fact that nicotinic acid deficiency produces electrocardio- 
graphic clianges which are remediable by nicotinic acid administration' 
and are strikingly similar to electrocardiographic disturbances pro- 
duced by coronary artery ligation® is further suggestive evidence that 
anoxia may produce coenzyme breakdown in heart muscle as well as in 
other tissues. 

In order to ascertain Avhether or not such destruction of coenzymes 
does occur, both coearboxylase and eoenzyme I were estimated in nor- 
mal and ischemic heart muscle, Avith and Avithout the administration of 
nicotinamide, riboflavin, and succinate. The results of these experiments 
are presented here. 

METHODS 

Dogs Avhich had been kept on a stock diet of Pard dog food for two 
AA’eeks Avere anesthetized AAUth pentobarbital sodium, administered intra- 
venously. Under positive pressure artificial respiration the chest Avas 
opened via a midsternal incision, and the left anterior descending coro- 
nary artery exposed. In some eases the artery Avas dissected free and 
ligated, and in others a suture was passed beneath artery and vein, 
ligating both. (As Avill be seen, this apparently made no difference in 

From Uie Department of Pharmacology, The Bowman Gray Scliool of Medicine, 
AVlnston-Salein, Xortii Carolina. 

This InvestigaUon was aided by a grant from the Dazlan Foundation. 

Kccelved for publication June 10, 1911. 
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clinical picture of neuroeirenlatory asthenia witli. vagotonia. The P-R 
intervals ranged from 0.22 to 0.34 second. The atropine test on these 
patients resulted in a shortening of the P-R interval in each case, rang- 
ing from 0.04 to 0.16 second, with an average of 0.075 second (Pig. 4). 

Although the average shortening of the P-R interval in these vagotonic 
cases was more marked than in those of rheumatic fever, , the difference 
was not great enough to differentiate between the two conditions. 

SIBIMARY 

1. Seventy-seven cases of active rheumatic fever with P-R intervals of 
0.21 second, or longer, were studied. A control electrocardiogram was 
taken. The ^patients were then given ^45 grain of atropine subcuta- 
neously, and subsequent tracings were taken at 20 minutes in - thirty- 
four cases, and at 20, 40, 60, and 120 minutes in forty-thi-ee cases. There 
was shortening of the P-R interval in each instance, ranging from 0.02 
to as much as 0.18 second. The average shortening of the P-R interval 
for the. entire group was 0.049 second. These observations confirm those 
of Bruenn.^ A temporary period of nodal rhytlim was observed twenty 
minutes after the atropine in two cases. There was no significant effect 
on the interventricular conduction time. There was a transient effect 
upon the amplitude and direction of the P waves in twenty-nine eases, 
with a decrease in the amplitude of Po and P3 in twenty-one cases, 
transient inversion of P3 in seven cases, and temporary inversion of P^, 
P2, and Pg in one case. The heart rate increased after atropine in thirty- 
three cases, diminished in seventeen, and remained unchanged in two 
eases. 

2, Twelve vagotonic persons who had prolonged P-R intervals were 
also given the atropine test. There was shortening of the P-R interval 
in each case after atropine, ranging from 0.04 to 0.16 second, with an 
average of 0.075 second. 

CONCLUSION 

From these observations it seems clear that atropine cannot be used 
to differentiate between the prolongation of the P-R interval caused by 
vagotonia, on the one hand, and rheumatic fever, on the other, for the 
P-R interval is shortened by atropine in both of these conditions. These 
experiments present additional evidence that impairment of auriculo- 
ventricular conduction in acute rheumatic fever is due, in part at least, 
to an increase in vagal tone, as Bruenn^ has suggested. 

I wisli to tliank Colonel James S. Sweeney, M.C., Army of the United States, 
for his helpful interest and encouragement in carrying out this study. 
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T.VBLE H 

Nicotinamide After Ligation 



COENZYME I 

(y/GRAM DRY MUSCIvE) 

COC.V.RBOXYLASE 
(y/GR.VM DRY MUSCLE) 

DOG 

VESSELS 

NORM-VL ischemic 

CHANGE 

NORMAL ISCHEMIC 

CIUNGE 


ligated 



(%) 

1 


(%) 

14A 

Artery 

1,2G3 

259 

-79.5 

42.3 

41.4 

- 2.1 

14B 

Artery 

2,155 

747 

-65,4 

52.4 

48.9 

- 6.7 

16B 

Artery 

2,425 

1,173 

-51.7 

26.3 

30.9 

-i-17.5 

ISA 

Artery and vein 

2,950 

2,162 

-26.7 

31.8 

47.4 

-1-19.1 

ISB 

Artery and vein 

2,210 

767 

-65.3 

45.0 

47.3 

•f 0.1 




Average 

-57.7 


Average 

+12.G 



t = 

r 2.16 p 

> .05 





of tlie administration of 20 mg. of nicotinamide intravenously per kilo- 
gram of body -sveigbt one hour after the coronary artery had been 
ligated. It may be seen that there was apparently some decrease in 
eoenzyme I breakdo^vn when nicotinamide was administered after tj^ng 
the vessel; the average breakdown was 57.7 per cent, but this decrease 
is not sufficiently marked to be statistically significant. 

It occurred to us that perhaps the drug might not be reacliing the 
ischemic area, for the heart muscle was rendered anoxic very suddenly, 
probably before significant collateral circulation could be established. 
Consequently, several dogs were given nicotinamide before the vessels 
were ligated. The re.sults of these experiments ma}^ be seen in Table III. 

After pretreatment with nicotinamide there was definitely less break- 
dovm of coenzjone I; the average amount of breakdovm was 31.8 per 
cent, as against 75.7 per cent in the controls. This difference is statis- 
tically significant (p = < .01). 

Greig- has sho^vn that, in shock, alloxazine adenine dinucleotide, the 
riboflavin containing coenzj'me, is destroyed. This coenzyme is knovn 
to be necessary for the oxidation of reduced coenzjine I. Acting on 
the .suppo.sition that alloxazine adenine dinuclcotide may also be de- 
stroyed in coronary occlusion, ribofla^^n*(5 mg. per kilogram o£ body 
weight) was administered with nicotinamide to four dogs before coi’oiiary 


Tablf. Ill 

Nicoti.vamide Before Ligatio.v 


DOG 

COENZYilE I 

Cy/GRA.M DRY ilUSCLE) 

COCARBOXYL.\SE 
(■y/GRAM DRY MU.SCLE) 

\-ESSELS 

LIG.VTED 

NORilAL 

ISCHEMIC 

CHANGE 

f%). 

NOR.MAL ISCHEMIC 

CHANGE 

(%) 

19B 

Artery 

1,820 

1,570 

-13.7 




20A 

Artery 

2.8.30 

614 

-77.4 

24.7 

29.2 

+18.2 

20B 

Artery and vein 


1,412 

-26.9 

42.8 

35.7 

-16.6 

21A 

Artery 

2, .340 

2,620 


32.3 


+ 2.2 

21 B 

Artery and vein 

3,310 

2,710 

-1S.2 

32.5 

28.8 

-11.4 

22A 

Artery and vein 

3,753 

2,083 

-44.5 

32.5 

40.7 

+25.2 

22B 

Artery 

3.723 

1,830 

-50.8 

30.9 

30.7 

- 0.6 




Average 

-31.8 


Average 

+ 2.8 



t = 3 

.68 p = 

< .01 












GOVIER : CORONARY ARTERY LIGATION 385 

the eoenzyme changes noted.) After this, the chest Avas closed by sutur- 
ing. 

lu some expeiaments therapeutic agents were administered thirty 
minutes before the operation, in others, one hour after the ligation. In 
aU cases, tAvo hours after ligation of the vessel or vessels, the chest was 
reopened, the heart excised, and samples of myocardium removed from 
the ischemic area and from near-by normal areas of the left ventricular 
muscle. 

These samples Avere quickly Aveighed, plunged into beaker's of boiling 
Abater, and boiled for five minutes, after Avhieh the beakers Avere placed 
in a pan of ice Avater. After cooling, the samples were minced Avith 
scissors, homogenized, and the suspensions centrifuged. The super- 
natant fluid was analyzed for eocarboxylase'"' by the manometric method 
already described,^ and for coenzyme I by the method of Axelrod and 
Elvehjem.® In some eases apozymase for the latter method Avas made by 
the method of Greig- from bottom jmast,! and in otliers apozymase Avas 
prepared from baker’s yeast by our carbon tetrachloride method.^® 

The hearts of all dogs Avere examined after the muscle samples had 
been removed, in order to ascertain the amount of occlusion of the artery. 
Those animals in Avhieh the artery Avas found patent Avere discarded. 
Electrocardiograms taken on a feAv of the animals after the operation 
shoAved unmistakable evidence of coronary occlusion. 

RESULTS AND DISCUSSION 

Table I shows the results obtained in six experiments in which the 
left anterior descending coronai’y artery was ligated, Avith and Avithout 
ligation of the accompanying vein. It Avill be seen that a consistent 
breakdoAvn of eoenzyme I occurred, varying in magnitude from 70 to 
83 per cent of normal. No consistent change occurred in cocarboxylase, 
hoAvever. The importance in the metabolism of cardiac muscle of such 
a destruction of eoenzyme I has already been pointed out. 


T^VBIiE I 
Controls 


DOG 


COENZYME 

; I 


COCARBOXYLASE 

(y/GRAil DRY MUSCLE) 

(V/gram dry muscle) 

VESSELS 

LIGATED 

NORMAL 

ISCHEJIIC 

CHANGE 
(%) ! 

norm^vl 

ISCHEMIC 

CHANGE 

(%) 

7A 

Artery 

1,533 

358 

-76.6 

77.4 

44.8 

-42.2 

7B 

Artery 

1,737 

394 

-77,4 

43.7 

47.4 

+ 7.8 

8A. 

Artery and vein 

2,090 

603 

-71.2 

76.S 

57.4 

-25.3 

8B 

Artery and vein 

2,595 

442 

-83.2 

8S.3 

79.4 

-10.1 

9A 

Artery 

1,749 

517 

-70.6 

52.5 

47.0 

-10.5 

9B 

Artery and vein 

2,750 

674 

-75.5 

64.3 

73.0 

+13.5 




Average 

-75.7 


Average 

-11.1 


Mann and QuasteE^ have shoAvn that nicotinamide inhibits coenzyme I 
nucleotidase, the enzyme which breaks doAvn coenzyme I in damaged 
brain tissue. It seemed logical to try this substance in order to reduce 
the am ount of breakdoAvn shoAvn in Table I. Table II shows the result 

^ reference standard in these estimations was kindly 
supplied by Merck and Company. ^ 

fKindly supplied by Dr. Greig. 
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Table VI 

Succinate Before Ligation 



COENZYME I 

(y/GRAM DRY MUSCLE) 

COCARBOXYLASE 
(y/GKAM DRY MUSCLF.) 

DOG 

VESSELS 

NORMAL 

ISClIEillC 

CHANGE 

NORMAL 

ISCHEMIC 

CH.niGE 


I,IGATED 



(%) 



(%) 

28A 



1,229 

-41.2 

29.5 

33.4 


23A 

Artery 

2,365 

697 


31.3 

38.8 

+24.0 

23B 

Artery and vein 

2,345 

1,187 

-49.4 

28.7 

25.1 

-12.6 

27A 

Artery and vein 



- 0.3 

33.3 

40.2 

+20.7 

27B 

Artery 


2,285 

-34.9 

35.7 

35.7 

0 




Average 

-39.3 


Average 

+ 9.1 



t = 3.46 p = 

< .01 





It will be noted that the control levels of coearboxylase in these hearts 
were quite high, compared to those reported previously for other tissues. 
Also, one is surprised to see that no consistent change in coearboxylase 
occurred under the experimental conditions reported here. That syn- 
thesis of coearboxjdase can go on in ischemic heart muscle, provided other 
coenzymes are reasonably intact, is suggested by Table IV, which shows 
that the ischemic sample in all four animals contained more coearboxylase 
than did the control sample. Possibly the sluggish circulation in the 
ischemic muscle may have contributed to this by preventing the w'ashing 
out of free nicotinamide, riboflavin, and thiamine. 

Although we have presented evidence here that the administration of 
nicotinamide, riboflavin, and succinate can prevent the breakdo^vn of 
coenzyme I which follows coronary ligation, it remains to be sho^vn that 
these substances produce a beneficial effect on cardiac function after 
such a procedure. This problem, together with analyses of other pos- 
sible metabolic failures in experimental coronary occlusion, is being in- 
vestigated. 

SUMMARY 

1. Coenzyme I is destroyed to the extent of 70 to 83 per cent of nor- 
mal in cardiac muscle rendered ischemic by coronary artery ligation. 

2. Nicotinamide, nicotinamide and riboflavin, and succinate, when ad- 
ministered intravenously before coronary ligation, protect to a great 
extent against such breakdown of coenzyme I. 

3. Nicotinamide and succinate are only fairly efficient in remedying 
this destruction when injected after the occlusion has been established. 

4. No significant change in tissue coearboxylase occurs after coronary 
ligation. 

Tho author -ivishc-s to exprefa.s his gratitude to Dr. Herbert S. Wells and 
Tinsley B. Harrison for their very helpful criticism and suggestion.s. 
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Table IV 

Eiboflavix A^-D Nicotinamide Before Ligation 


COENZYilE l COOARBOXYLASB 

( y/GKAM DRY ilUSCLE) (y/GRAM DRA” MPSOLE) 


DOG _ 

VESSELS 

LIGATED 

NORMAL 

ISCHEMIC 

CHANGE 

(%) 

NORJt-VL 

ISCHEMIC 

CHANGE 

(%) 

24A 

Artery and vein 

4,090 

3,300 

-19.3 

32.0 

37.3 

+16.6 ^ 

25A 

Arteiy and vein 

1,SG2 

1,105 

-40.G 

27.5 

35.6 

+29.4 

25B 

Artery . 

1,690 

1,050 

-37.8 

31.0 

34.2 

. +10.3 

2GA 

Artery and vein 

2,190 

1,424 

-35.0 

37.7 

41.3 

+ 9.5 


Average -33.2 Average +1G.5 

t = 9.57 p — < .01 


ligation. Altliough. these experiments showed 33.2 per cent breakdown 
of coenzyme I, which was slightly more than the amount after pretreat- 
ment with nieotinamidej there was much less variation among the dogs 
recehong both vitamins, and the difference wms statistically much more 
significant (p == much less than .01). 

Succinic acid is a diearboxylic acid which can be metabolized di- 
rectly by the eytochi'ome-eytoehrome oxidase system witliout the help 
of the coenzymes discussed previously. Thus, the administration of this 
substrate might be supposed to supply sufficient energy to keep the 
cell intact, and perhaps to allow resjnithesis of some of the coenzymes 
broken dovm in anoxia. Proger^- has demonstrated an increase in oxy- 
gen uptake by 'homogenized heart muscle in the presence of succinate, 
even in an atmosphere of reduced oxA’gen tension. He also points out 
that succinate is often able to prevent anoxic electrocardiographic 
changes in dogs. 

We have administered sodiimi succinate (1 Gm. per kilogram of body 
weight) intravenously to dogs, before and after coronary ligation. As 
may be seen in Tables V and VI, there was a significant reduction in 
eoenzyme I breakdown (p = < .01) when the substance -was given be- 
fore ligation ; the average breakdoAvn was 39.3 per cent. When injected 
after coronaiy occlusion, the amount of breakdoum averaged 48.7 per 
cent, which is statistically only moderately significant (p == < .05). 


Table V 

Succinate After Lig-a.tion 


DOG 

, COENZYME I 

1 (y/gr-am dry muscle) 

COCARBOXYLASE 
(y/gram dry muscle) 

vessels 

LIGATED 

NORilAL 

ISCECEMIC 

cmiNGE 

(%) 

NORMAL 

ischemic 

change 

(%) 

llA 

Arterv and vein 

2,860 

2,705 

- 0.3 

53.8 

57.1 

+ 6.1 

12A 

Artery 

2,400 

1,319 

-45.4 

44.9 

45.6 

+ 1.6 

12B 

Artery 

2.340 

725 

-68.2 

44.8 

52.0 

+13.9 

13a 

Artery 

2,860 

1,039 

-63.7 

37.7 

34.3 

- 9.0 

l3±J 

Artery and vein. 

1,940 

414 

-78.6 

33.7 

30.1 

-10.7 

15 

Artery 

3,050 

2,100 

-31.1 

28.7 

28.6 

- 0.3 




Average 

-48.7 


Average 

+ 0.3 



t = 2.40 p = 

< .05 










THE EFFECT OF DIATHEEMr ON CORONAEY FLOW 

An ExpERiiiENT^vL Stddy on Hogs’ 'T 

John A. jVLvrt,® M.D., ^usio J. Eoscoe jMiller, M.D. 

Chicago, III. 

D UEING the past thirty years numerous articles have reported the 
beneficial results of diathermy in the treatment of angina pectoris. 
In 1911, NagelsehmidF reported a small series of patients with 
angina pectoris who apparently Avere definitely improved after a series 
of treatments AAuth high frequency current. Nagelsehmidt concluded 
this report by saying, “It is most remarkable to see how patients in a 
very grave condition recover immediately under the influence of 
diathermy. In a fCAV seconds or minutes all trouble ceases, no oppres- 
sion, no pain, no restlessness, no feeling of anguish.” Again, in 1928, 
Nagelsehmidt- indicated his enthusiasm when he stated, “I do not know 
of any other medicament or any other method Avhich Avould be able to 
cut off so severe an attack in so very few moments of application as with 
diathermy.” StCAvart,^ in 1926, reported, “There is no question that 
diathermy through the heart Avill improve the coronary circulation and 
minimize the effect of toxin on its muscular structure. ’ ’ Laubry, Walser, 
and j\Ieyer,'‘ in 1937, reported their results with diathermy in the treat- 
ment of angina pectoris. Of the fifty-six patients so treated, 40 per cent 
obtained very good results, and 20 per cent, fair results. They pointed 
out that short waves were mueli superior to long Avaves, and that best 
results Avere obtained in angina of effort. 'Wolf,® in his textbook of 
physical therapy, states, “If aa'g take into consideration the phj'siological 
action of diathermy, that it raises the temperature of tlie tissue and 
thus dilates vessels, Ave can a priori state that it Avill be helpful in all 
those cases of angina pectoris AA'hieh arc due to a narroAving of the 
coronary A'essels, be it by sclerotic process or by spasms.” Siegen® 
treated 770 patients Avith angina pectoris, employing short Avave 
diathermy in addition to other routine forms of therapy, and reported 
his I’esults in 1937. Forty-three per cent of the 770 patients Avere re- 
ported as cured, 54 per cent Avere improved, and only 3 per cent Avere 
uninfluenced. In addition to the subjective improvement noted by the 
patients, he presented serial electrocardiograms Avhieh shoAved “evident 
improvements.” Similarly, Hyman' treated 87 patients Avith symptoms 
of eox-onary thrombosis and noted “improvement” in the electrocardio- 
gram, as Avell as improA'ement clinically after a series of diathermic 
treatments. Blaelvinan and Eichardson® stated that short avuvc 
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cylinder, the volume of the blood flow was readily calculated. Heparin 
was used to prevent coagulation. The blood was returned by way of the 
femoral vein and kept at a constant rate of flow, temperature, and 
pressure. The blood pi’essure was recorded from the carotid artery by 
a mercury manometer. (Typical curves obtained are shown in Pigs. 1 
and 2, taken from Dog 4, Table I.) 
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Piff. 1. — The slowly risingr gradient represents Uie rise of blood in the cylinder 
of tlie piston recorder. When the cylinder becomes full it is emptied manually, anu 
thus the rapid fall. The vibratory' line represents the blood pressure recording, 
automatic timer was set at five seconds. Graph 1 represents coronaiY at tiic 
start of tlie experiment. In the middle portion of this tracing there is a ratlier sharp 
rise in the gradient. .Vt this point theobromine was Injected intravenously', and tlie 
rise indicates that there is an increase in the coronary flow and that the cannula is 
in Uie coronary sinus and is functioning properly. Graph -2 is the control cuive, tahcn 
two minutes after theobromine injection and just prior to application of the induc- 
totherm. 


After the coronary flow had become stabilized, an S-inch inductotherm 
disk**’ was placed on the preeordial area. Several thicknesses of burlap 
were placed between the chest wall and the disk to act as a dielectric.- 
The maeliine was arbitrai-ily set at 100*® and applied for one-half hour. 
Eleven animals were used for the experhnent, four of which were con- 
trols. In two of the controls no heat was applied, in the third a hundred- 
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diathermy is the most efficient and reliable agent available for improving 
the blood supply to the myocardium in cases of coronary thrombosis, and 
they felt that clinical evidence shows that diathermy allays spasm, in- 
duces coronary dilatation, and develops new blood pathways. Per- 
rario® states, ''In general, patients with the syndrome of angina pectoris 
improve notably under short wave treatment.” Hay and Ince,^° 
Joslyn,^^ Brow,^= Cignolini,^^ and many others have reported favorably 
on this iype of treatment. Bearman,^'* on the other hand, points put 
that dt is difficult to prove that there is any special value in the use of 
the' short wave current in the treatment of angina pectoris because 
spontaneous remissions occur in the disease and because rest and other 
measures are applied concurrently. 

, It is evident that the majority, of reports are enthusiastic about the 
beneficial effects of diathermy on symptoms attributed to coronary 
insufficiency. These reports, however, are confined for the most part to 
clinical observations or electrocardiographic interpretation. 

The purpose of this study was an attempt to ascertain experimentally 
the effect of diathermy on coronary flow in the dog. 

As a preliminary experiment, the temperature of the heart muscle of 
the dog after applying diathermy over the heart was measured. A 
thermocouple was inseifed into the musculature of the right ventricle 
through the opened chest waU. The chest was then tightly closed.^ ■ The 
control temperature was 96.2° F. for a period of ten minutes. Diathermy 
was then applied over the precordial region for one-half hour.” Im- 
mediately after this application, the temperature rose to 104° P. This 
elevation in temperature was accounted for by the heating of the thermo- 
couple in the high frequency induction-field.’. One-half minute tempera- 
ture readings were recorded to secure a cooling ciu*ve during the next 
three minutes, and at the end of. this time the temperature had fallen to 
what was probably a true level, namely, 102.3° P. This result indicated 
that the temperature Af the heart was elevated by the application of 
. diathermy through the chest wall. 

The coronary flow was measured on the intact animal, usmg the tech- 
nique described by Gilbert and Penn.^^ Despite past criticism of this 
method, we felt that it was most applicable to the problem under con- 
sideration. 

, Dogs weighing 13 to 14 Idlograms were used. • One-half hour before 
operation the animals were given 0.25 c.c. of a 4 per cent solution of 
morphine sulfate per kilogi’am of body weight. Grehant’s mixture 
(5 per cent chloroform in 50 per cent alcohol) was given a few minutes 
before operation by meaim of a stomach tube. The anterior chest wall 
was opened at the right costochondral junction. The parietal pleura was 
opened, and oxygen was administered by means of a tracheal cannula 
under positive pressui-e to prevent atelectasis. The coronary sinus was 
then cannulated with a modified Morovitz cannula which was connected 
to the cylinder of a piston recorder. With a lmo^vn volume of the 



394 


AMERICAN HELVET JOURN.U. 


Table I 

Diathermy Over Precordial Area eor One-Half Hour 


BOG 

COROX.VRA' FLOW 
(C.C./MIN.) 

BLOOD PRESSURE 
(MM. HG) 

HEART RATE 

PER MINUTE 


1 

25.2 

Control readings 
34/30 

159 


0 

7.2 

42/35 

96 


3 

13.2 

35/29 

150 


4 

19.S 

28/25 

114 


5 

17.4 

26/24 

108 


6 

18.0 

19/16 

130 


7 

14.5 

27/23 

93 



Beadinns at the end of experiment 

CHANGE IN COR- 

ON-VRY FLOW 

1 

" ^ 2S.S 

22/20 

220 

(C.C./MIN.) 

3 . 64 - 

2 

21.6 

19/16 

132 

14.4)- 

3 

18.0 

30/21 

135 

4.8+ 

4 

28.8 

32/28 

144 

9.0+ 

5 

22.2 

29/22 

120 

4.8+ 

6 

20.4 

19/17 

135 

2.4+ 

7 

12.6 

26/22 

111 

1.9- 



( 

T..tBLE II 

uONTROL Animals 



CORONARY FLOW 

BLOOD PRESSURE 

HEART R^VTE 



(C.C./MIN.) 

(MM. HG) 

PER MINUTE 




Control readings 



1 

13.5 

48/45 

117 


2 

. ■ 10.8 

34/21 

75 


3 

20 . 7 - 

49/44 

145 


4 

18.0 

31/26 

142 






CHANGE IN 


Beadings at end of experiment 

CORONARY FLO\Y 





(C.C./MIN.) 

1 

22,2 

29/26 

105 

8.7+ 

0 

18.0 

27/24 

66 

7.2+ 

3 

23.4 

44/42 

155 

2.7+ 

4 

21.6 

28/23 

142 

3.6+ 

Dog 1. Diathermy over lower part of abdomen for thirty minutes. 

Dog 2. lOO-watt electric light 

bulb over precordial area for 

thirty minutes. 

Dogs 3 and 4. 

Iso heat applied. 

Final readings taken one-half hour after control 

reading.?. 






•which could have produced an increase in coronary flow. In Dogs 3 and 
6, Table I, and Dogs 1, 2, and 4, Table II, the increase in the coronary 
flow could not be explained by either changes in the blood pressure or 
the heart rate. This increase in flow was apparentlj’’ due to the develop- 
ment of acidosi.s, as suggested by Gilbert and Fenn.^=' 

CONCLUSION 

1. The effect of applying diathermy over the heart on the coronary 
flow of the dog was measured. 

2. As measured by this method, no significant increase in the coronary 
flow was demonstrated. 
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watt electric ligM bulb was used as a source of heat and placed over the 
precordial area for one-half hour, and, in the, fourth, the induetotherm 
disk was placed over the lower part of the abdomen. 

The results are summarized in Tables I and II, It will be noted that, 
of the animals which received diathermy over the preeordial area (Table 
I), there was an increase in the coronary flow in all except one, in which 
there was a slight decrease. It would thus appear that the short wave 





Fig. 2.— Graphs 3 and ^ represent coronary flow after one-half hour of applica- 
pon pt the induetotherm over the precordial area. It is evident that coronarv flow 
has increased over the control. i w 


current increased coronary flow. How^ever, in the controls there was 
also an increase in the coronary flow which was as marked as when 
diathermy was applied to the heart itseK. • 

In some instances this increase could be explained by an increase in 
heart rate as noted in Dogs 1, 2, 4, 5, and 7, in Table I, and Dog 3 in 
Table II. In Dogs 4 and 5, Table I, there was a rise in blood pressure 



SUGAE TOLERANCE IN NEURO CIRCULATORY ASTHENIA 

I\Lvjor Robert A. Stentsn, jM.C. 

Army op the United States 

I N ALAY, 1943, \vlien we w'ei’e seeing a lavge nninbev of soldiers v,'ith 
neurocireulatory asthenia, we first became impressed ndth the marked 
similarity between the sj^mptoms of neurocircnlatory asthenia and those 
of hypoglycemia. This report covers a study of the glucose tolerance 
curves which was carried out over the ensuing seven months at Torney 
General Hospital. There is one striking difference in the histories of 
patients with nenroeirculatoiy asthenia and those with true hypo- 
glycemia, namely, the regular oeeurrence of the latter several hours 
after meals, and prompt relief with the ingestion of carbohydrates, and 
the absence of such a history in neurocireulatory asthenia. Dorst^ car- 
ried out a similar study in 1936. He found that the person with neuro- 
cireulatory asthenia had a flat tolerance curve, whereas the sthenic type 
had a normal curve. He further demonstrated that the former type of 
person gained weight, and rapidly developed a normal tolerance curve 
on insulin therapy. His further work demonstrated a similar, fiat curve 
in neurasthenic persons in general. He believes the flat curve is com- 
mon enough to be of diagnostic value in the “Effort Syndrome,” and 
suggests that the continued low blood sugar level may account for the 
eharaeteristie asthenia in this group. 

The report herewith rendered is in large part confirmatory of Dorst’s 
results, although we do not agree that the low sugar values are re- 
sponsible for the asthenia. This disagreement is based on three facts: 
Not all the patients who suffer from typical neurocireulatory asthenia 
have low vahies ; none of the symiptoms, including asthenia, is improved 
at any time by the administration of sugar; one patient in our group 
with typical neurocireulatory asthenia had diabetes mellitus with high 
blood sugar values. 

This report covers the study of forty patients. Each patient was 
thoroughly examined from a clinical and laboratory standpoint, includ- 
ing chest roentgenogram, electrocardiogram, blood cholesterol, basal- 
metabolic rate, heart rate wliile asleep, urine concentration and urea 
clearance, blood cell count, urine, Kahn reaction, and numerous blood 
pressure readings. Heart disease and hyperthyroidism were adequately 
excluded in all cases. Every patient had sjTnptoms and signs tj'pical 
of neurocireulatory asthenia, consisting of shortness of breath, sharp 
preeordial pain, palpitation, “blackouts,” asthenia, headache, poor appe- 
tite, tachycardia when awake, tremor, marked dermographism, and 
hyperhidrosis, particularly of the hands, feet, and axillae. 

SLx-hour glucose tolerance tests were done on all patients; a fasting 
specimen was followed by hourly specimens for six consecutive hours 
after the oral administration of 100 Gm. of glucose, e.x'cept in .seven of 
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Clinical Reports 


PAEOXYSIVIAL AURICULAE TACHYCARDIA DUE TO 
RECIPEOCAL EHYTmr 

M. M.D. 

ALEX.VNDRL1, Egypt 

T he mechanism of re-entry is believed to explain an extrasystole 
which is fii-mly bound to a preceding beat, coming always after a 
fixed interval. De Boer^ invoked re-entry as an explanation of extra- 
systoles, and Lewis- agrees that single extrasystoles may be due, on 
occasion, to re-entry. Lewis also states that re-entry is possible in the 
auricle, A-V node and the ventricle, accounting for auricular, nodal, and 
ventricular extrasystoles. Another form of I'e-entry is reciprocal 
rhythm, i.e., an impulse is conducted from the A-V node or ventricles 
to the auricles, finds an auricular by-pass, and is transmitted again to 
the ventricles. Katz® asserts that reciprocal rhytlim should be diagnosed 
only when t\vo ventricular complexes witiiin 0.5 second of each other 
have a bizarre P interposed between them. A mechanism of this nature, 
he asserts, can conceivably continue for some time and give rise to a 
tachycardia wliieh is similar in all respects to supraventricular tachy- 
cardia. We have recently studied a ease which illustrates the above 
mechanisms and presents certain other peculiar features. 

REPORT OF CASE 

The patient was a 40-year-old schoolteacher who suffered from gradu- 
ally progiTssing paraplegia of one year’s dui’ation caused by a spinal 
trunor which was removed at opei’ation. For the preceding five year's 
he had complained of very frequent spontaneous attacks of rapid palpita- 
tion, lasting for variable periods of time, ranging from minutes to a 
few hours, although not of a disabling nature. Clinically, simple 
paroxysmal tachycardia was diagnosed; it could be readily arrested by 
carotid sinus pressure. Digitalis in saturating doses kept the tachy- 
cardia well under control; on the other hand, quinidine (taken in 0,2 
Gm. doses five times daily for a period of three days) definitely ag- 
gravated and perpetuated the tachycardia, and interfered with the 
otherwise prompt response to carotid sinus pressure. Electrocardio- 
grams were taken during the tachycardia, and the effect of pressure on 
the right carotid sinus was demonstrated ; another series was taken in tlic 
intervals of spontaneous freedom from the attacks. 

Analysis of the records revealed the following peculiar arrhytlunia.^ 
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tlie eases, in wHicli five speciriiens were examined at hourly intervals. 
One of these seven had a diabetic curve. The other six were the earliest 
ones done, and since the curve was still falling at the end of four hours, 
we decided to prolong the test on later ones. In all but seven of these 
thhty-two cases, the level at six hours was greater than at five hours. 
In five of these the reading was the same as at five hours; in one it was 2 
mg., and, in the other, 7 mg., lower. The Folin Wu technique wag used 
■for the carbohydrate estimations. 

Curves were classed as low if the highest single reading wms under 
140 mg, per cent. Of the forty patients, twenty-six, or 65 per cent, 
were classified as having low curves. The highest level attained in these 
twenty-six cases is shown in Table I. 


Table I 


BLOOD SUGAK LE\^L 

AIG. PER CENT 

NUMBER OP CASES 


1 

121-130 

7 

111-120 

5 

101-110 

0 


5 , 

81-90 

3 


. In most of the curves with pealcs of 120 or more, there was only one 
such reading, and the rest of the curve wms below 100. Eleven had 
normal curves, two were questionably diabetic, and one was definitely 
diabetic. 

Several of the patients were given candy when they felt weak or 
faint, but in no instance did this procedure improve the faintness, even 
temporarily. Furthermore, there was no relationship between eating 
and the appearance of blackout'"’ speUs. Sometimes these spells would 
come on immediately, or shortly, after a meal rich in carbohydrate. 


COMMENT 


This study is confirmatory of Dorst’s work. A flat tolerance curve 
is present in a sufficiently high percentage of cases to be of value in 
the diagnosis of neurocirculatory asthenia. The explanation of this is 
not immediately apparent, but, in our opinion, the low sugar levels do 
not cause the symptoms iu this psychoneurotic sjuidrome. Dorst has 
further sho^vn that a similar curve is present in other psychoneuroses. 


CONCLUSIONS 

Sixty-five per cent of forty patients with typical symptoms of neuro- 
, circulatory asthenia showed flat sugar tolerance curves. It has been 
found that the test is of some value in confirming the diagnosis,' but ia 
our opinion, the low sugar levels are not responsible for the symptoms. 
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fractory period of the junctional tissues (spontaneous or induced by 
carotid sinus pressure) led to blocking of these aui’ieular extrasystoles, 
•which ine'vitably ended the attack. 

4. Actually, when an attack ended in this case, it did so with a 
blocked auricular extrasystole. It is argued that, if the paroxysmal 
tachyeai’dia be due to the sporadic activity of an ectopic pacemaker, 
cessation of the attack -would occur when that ectopic pacemaker stopped 
its sporadic discharge. Blocldng of the auricular beats would have no 
effect on their genesis from the ectopic pacemaker. 

5. It is also interesting that digitalis, presumably by interfering with 
conduction of the stimulus between the auricles and ventricles, con- 
trolled the attacks well. Quinidine, on the other hand, failed in this 
respect quite markedly. This is not easy to explain, but it may have 
been due to its vagal effect, paralysis of which improves conduction, and 
so perpetuates the attacks. 


SUMMARY 

A case of arrhythmia is analyzed and discussed in detail, and evidence 
is offered to indicate that the following were factors in producing the 
arrhythmia : 

1. Blocked Auricular Extr asystoles. — ^Be-entiy into the auricle from 
a ventidcular by-pass ; the re-entrant waves were not transmitted back 
again to the ventricles. 

2. Conducted Auricular Extrasystoles. — Re-entry into the auricles 
from a ventricular by-pass ,• the re-entrant waves were transmitted back 
into the venti-icles, i.e., reciprocal rhythm. 

3. Attacks of Auricular Paroxysmal Tachycardia. — A continuously 
circulating wave of excitation between the ventricles and auricles, i.e., 
reciprocal rhythm perpetuated over some length of time. 
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Hig. 1- shows Lead II, which was taken during one of the intervals 
between the paroxysms of tachycardia. It reveals normal sinus rh^hm, 
disturbed every now and then by an aurienlar extrasystole which is 
blocked because of its prematurity. 

Measurement of the F-X interval (the, time from the beginning of 
P to the beginning of the following extrasystole) and the F-X inter- 
val (the time from the beginning of QES to the beginning of the fol- 
lowing extrasystole) showed that the former -was 0.47 second, and the 
latter, 0.25 second. 

Pig. 2' (Lead IVP) show^s an auricular extrasystole which vras, con- 
ducted to the ventricle. This conduction may be accounted for 'by 
slight changes in the refractory period of the junctional tissues, - en- 
abling the impulse to pass to the ventricle and elicit a response. P is 
followed by and this is followed by (an auricular extrasystole), 
which is conducted to the ventricle (Eo) ; this is followed by X,, wliicli is 
blocked. 

, The time relations in this series are as follows; P-X^ = 0.46 second, 
Ej-X^ = 0.24 second, X^-X, = 0.52 second, E„X.^ == 0.24 second. 

Fig. 3 shouts Lead I during an attack of paroxysmal tachycardia, 
during which the X-X interval is 0.42 second, and the E-X interval, 

0.24 second. 

Pig. 4 (Lead I) shows spontaneous cessation of one of the attacks of 
tachycardia, with a blocked auricular beat. The time intervals are ex- 
actly the same as in Pig. 3. 

DISCUSSION AND COillUENT 

1. Consideration of the time relations showm previously will make it 
quite evident that there was a fixed coupling of auricular extrasystoles 
to preceding ventricular beats. The E-X intervals were strikingly con- 
stant (0.24 to 0.25 second), whereas the P-X and X-X intervals varied 
from 0.46 second to as much as 0.52 second. This fixed time relation 
of auricular extrasystoles to preceding ventricular beats, which implies 
a causal relationship, makes it difficult to avoid the conclusion that a 
re-entrant wave of stimulus formation from the ventricle into the au- 
ricle was responsible for the fixed coupling. 

2. Further evidence of this is the interesting fact that an auricular 
extrasystole never followed another blocked auricular extrasystole. It 
would appear that an auricular extrasystole could not occur unless the 
impulse of the auricular beat, whether from the sinus or premature 
stimulus, entered the ventricle. Only -when this occurred w-as the by- 
pass reached along which re-entry to the auricle could take place. 

3. During paroxysms of tachycardia (Pig. 3) the X-X intervals were 
0.42 second, whereas the E-X intervals were still 0.24 second, showing 
again the close eoupling of auricular to preceding ventricular beats. 
The paroxysms of auricular tachycardia thus appeared to be due to re- 
entry through the ventricular by-pass into the auricle, leading to an 
auricular extrasystole, which re-entered again through an auricular by- 
pass, and was conducted to the ventricles; the cycle was repeated in 
this order for a variable period of time, until some increase in the re- 
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days, -svlien he developed signs of renal irritation and this drug had to he 
discontinued. His blood level of sulfadiazine on the last day of this 
thei'apy was 13.6 milligrams. Two subsequent blood cultures were taken, 
both of which failed to reveal any growth of Staph, aureus. He was dis- 
charged from the hospital Nov. 23, 1943. The diagnosis at this time was 
rheumatic heart disease, with aortic and mitral insufficiency, and Staph, 
aureus bacteremia, probably witii bacterial endoeju'ditis. The patient 
was transferred to New' York City and. admitted to the Post-Graduate 
Hospital on Dee. 3, 1943. The subsequent hospital record is summarized 
in the graphic charts. 



Fie. 1. 



On December 3, the erythrocyte sedimentation rate was 29 mm. in an 
hour; the blood pressuz’e w’as 12S/71. A blood culture taken at this 
time was repiorted as unsatisfactory and of doubtful significance be- 
cause of the growth in it of staphylococci wdiieh were considered to be 
contaminants. The diagnosis of staphylococcal endocarditis W'as not 
accepted as fully established. Nevertheless, a stock staphylococcus bac- 
teriophage W'as administered by intravenous injection tw'ice daily, azid 
thiobismol was also given. The patient was confined strictly to bed until 
December 10, and then w’as allow'ed to be up and about until Januaiy 1- 
During this period, the diagnosis of staphylococcemia became estab- 
lished by consistently positive blood cultures taken by meticulous tech- 
nique on December 6, 13, 20, and 27. The patient liad been referred with 
the hope that he might be treated wdth penicillin, and he became izrogrcs- 
sively discouraged. 

The penicillin which became available on December 27 was a pai’tially 
purified preparation in phosphate buffer solution. It evidently con- 
tained considerable amounts of pyrogenic impurities. Intramuscular 



































APPARENT ARREST OP STAPHYLOCOCCAL ENDOCARDITIS 

- YT'akd J. MagNeal, M.D., Charles A. Poindexter, M.D., New 
York, N. Y., and Frederick N. Marty, M.D., Syracuse, N. Y. 

C S., a white man, born April 5, 1907, gave a history of kidney 
. trouble” in 1924, for which he took a milk diet for some time. 
About 1932 he had a t 3 T)ical attack of rheumatic fever, with severe pain 
and swelling and tenderness in the hips, loiees, and anldes. During this 
ilhiess he had an acute middle ear infection. A mjaangotomy was per- 
formed, and thereafter he had a persistent hearing defect in his right 
ear. After this attack of rheumatic fever, tonsillectomy was performed. 
There was no recognized recurrence of rheumatic fever. During the 
summer of 1943, while engaged as a superintending engineer of construc- 
tion work in Tennessee, he suffered from chigger bites on his lower 
extremities, and one of these lesions suppurated for several weeks. In 
October, 1943, he returned to his home in Syracuse, New York, for a 
short vacation. 

He consulted his local physician (P. N. M.) on October 20, stating that 
he had felt well until the previous three or four days, when he noted sore- 
ness in the calves of both legs and lameness in his left shoulder. He also 
had pains in the back of his neck and an occasional headache. He had 
not had wealniess, dyspnea, chest pain, cardiac palpitation, undue 
fatigue, ankle edema, or any sensation of chills and fever. 

The patient was a well-developed and well-nourished man of athletic 
build. His temperature, as observed at home for several days, was no 
higher than 99.8° at any time. An aortic diastolic murmur and a loud, 
rough, systolic, blowing murmur were heard over the precordium, and 
the heart was moderately enlarged. The leucocyte count was 9,300, 
with 73 per cent polymorphonuclears and 27 per cent lymphocytes. The 
sedimentation rate was 30 mm. in an hour (Cutler method). Examina- 
tion of the urine was negative. He was sent home to bed wth a pro- 
visional diagnosis of mild recurrent rheumatic fever. 

After three or four days of rest in bed. his previous complaints dis- 
appeared entirely. He was suddenly seized, however, with sharp pain 
in the lower right quadrant of the abdomen, just a little to the right of 
the midline. Several total and differential leucocyte counts, as well as 
urinalysis, were done, and failed to reveal evidence of any acute inflam- 
matory process. A local surgeon saw him in consultation at this time, 
but, after several days of rest in bed, the pain subsided completely. A 
blood culture taken Oct. 22, 1943, revealed Btayhylococcxis wivreus, and 
blood cultures were repeated at intervals of a week until three had been 
taken ; all were positive for Staph, warms. 

On Nov. 16, 1943, he was admitted to the Syracuse Memorial Hospital 
for further observation and treatment with large doses of sulfadiazine. 
He was given tliis drug in doses of 1.5 Gm. eveiy four hours for flive 


From the Department of Bacteriologj-- and the Department of Medicine New 
York Fost-Graduate Medical School and Hospital, Columbia University. 

part by Grants No. 500 and No. 501 of the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, American Medical Association.^^^*^ ^ 

The -penicillin used was generously supplied by Rare Chemicals Inc 
N. J„ and by Chas. Pfizer, Inc., Brooklyn, N. y . '-uemicais, me., Plemington, 
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Fig. 4. 



Fig. 5. 



Fig. G 
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injections of approximately 1,800 units every two lionrs caused pain at 
the injection sites, and, on December 31, the patient was no longer 
willing or able to accept the treatment. The chills and rise in tempera- 
ture on January 1 were ascribed to the action of this preparation of 
penicillin. Subsequently, doses of 600 units were accepted without too 
much complaint, but the patient felt that he was not improving under 
this treatment. - 

On January 9 a supply of refined penicillin became available, and this 
was injected intravenously during the day and intramuscularly at night 
in doses’ of 5,000 units every two hours from January 9 to 18. The 
blood= culture on January 10 showed a growth of less than one, colony 
per milliliter, of blood, and all the subsequent cultures, of which there 
were many, remained negative. The sedimentation rate was 50 mm. on 
January 3, 30 mm. on January 10, and 28 mm. on January 17. En- 
couraged by these signs of improvement, we continued the bacteriophage 
and the thiobismol, and, on January 18, increased the penicillin dose to 
10,000 units every two hours and - continued this dose to January 31. 



The penicillin dose, for sake oE economy, was then reduced to 5,000 imits 
every two hours from January 31 to February 21. From February 18 
to 28 the thiobismol wms omitted, and neoarsphenamine was administered 
in a dose of 10 mg. twice a day. On February 28 the thiobismol was 
resumed. The dose of penicillin was reduced on February 21 to 2,000 
units every two hours, and finally discontinued altogether on February 
28, The injections of staphjdococeus bacteriophage and thiobismol were 
continued to March 18, when the patient was discharged from the hos- 
pital, and the injections of the bacteriophage were still being continued 
when this report was written (September, 1944). It will be noted that 
the sedimentation rate did not exceed 15 mm. per hour after January 
17, and that the blood cultures remained consistently negative. 

The changes in the cardiac murmur were of clinical interest, and prob- 
ably of considerable significance for the diagnosis. During December 
there was a double mitral murmur of blowing quality, diastolic and 
.systohc, transmitted to the left axiUa. On January 18 the systoHc 

M and iiarsh, and was best heard at a point 
- cm., below the left nipple. This harsh sound occurred in late systole, 
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April 5, April 10, Maj’’ 4, June 7, July 6, August 3, and August 8 have 
remained sterile. The patient has' gained in strength and weight. He 
is now back at work. 

The significant data on the blood coxuits are shown in Table I. Ho 
transfusions were required. Routme examinations of the urine, made 
weekly, revealed nothing abnormal. 

CONCLUSIOls 

We recognize that a diagnosis of slaphjdoeoeeal mitral endocarditis 
may be disputed in the absence of an anatomic and cultural study of the 
cardiac valves themselves. Nevertheless, it is our considered opinion 
that this patient" actually suffered from bacterial mitral endocarditis 
caused by infection with Staphylococcus aureus, and that the disease is 
now in a stage of arrest, which may possibly be permanent. 


•Tin; pattent was .-3UII in oxccltent conUition, witli a persistent mitral niunnW, 
on Jan. II, 1913. 
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and was designated by different observers as a ‘‘leathery squeak,” a 
“late systolic bleat,” and “whistling character of murmur.” In the 
axilla the systolic murmur continued to have the earlier blowing quality. 
After February 1, this curious squeaky murmur became less and less 
perceptible. The blowing double mitral murmur persisted. 

The discouraging upset w^hich began on February 26 was evidently 
related to an exacerbation of the old otitis media. From the exudate 
from the auditory canal both a streptococcus and staphylococcus were 
cultured. The inflammation subsided after irrigation, and the general 
therapeutic program was not disturbed on this account. 



Fig. 7. 


-^fer his discharge from the hospital, on March 18, the patient re- 
mained in New York for several weeks, and was treated daily with 
intravenous injections of bacteriophage. He then went to his home in 
Syracuse, where he has been treated by Dr. Marty. He has since re- 
^turned to New York City several times for physical examination, leuco- 
cyte count, blood culture, and sedimentation rate. The results of these 
tests have been satisfactory. The sedimentation rate in millimeters per 
hour was 9 on April 3; 7 on April 10; 8 on May 4; 7 on June 7 ; 7 on 
July 6; 8 on August 3; and 5 on August 8. Blood cultures taken 

. Table I 


Abribged Data op Eoutxnb Examination op Blood 


DATE 


ERYTHRO- 

CYTES 

(x 1,000) 

HEMO- 

GLOBIN 

(gm.) 

LEUCO- 

CYTES 

NEUTRO- 

PHHES 

(%) 

EOSINO- 

PHILES 

(%) 

Dec. 

4 

4,400 

14.5 

10,050 

75.5 

2.0 

Dee. 

13 

4,680 

15.0 

9,000 

62.0 

3.0 

Dec. 

27 

4,040 

12.7 

8,350 

70.0 

3.6 

Jan. 

3 

5,090 

14.0 

7,200 

59.0 

6.0 

Jan. 

10 

5,330 

14.0 

11,650 

69.0 

2.0 

Jan. 

18 

5,430 

14.0 

14,150 

77.0 

1 0 

Jan. 

24 

5,490 

15.0 . 

9,350 

67.0 

2 0 

Jan. 

31 

5,790 

15.8 

7,800 

64.0 

6 0 

Feb. 

7 

4,470 

13.5 

10,250 

67.0 

^ 0 

Peb. 

14 

4,610 

13.6 

7,350 

71.0 

2.0 

Peb. . 

21 

4,870 

14.5 

7,300 

62.0 

A 

Peb. 

28 

5,570 

14.8 

6,450 

76 0 


Mar. 

ilar. 

6 

13 

5,020 

4,720 

15.0 

13.5 

7,050 

8,850 

68!o 

64 0 

6.0 

May 

.4 

4,740 _ 

14.0 

11,250 

59.0 

7.0 

3.0 

June 

July' 

7 

6 

5,000 

5,060 , 

15.0 

16.0 

9,950 

10,400 

57.0 

63.0 

1.0 

2.0 
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Sliarpey-Sciafer, E. P.: Cardiac Output in Severe Anaemia. Clin, Sc. 5; 125 

19M. 

This paper reports results obtained in posthemorrhagic and clironic anemia in- 
cluding some cases shelving evidence of congenital heart failure for which no cause 
other than anemia was discovered. The author used a method of cardiac catheteriza- 
tion as a means for determining cardiac output and by the same method was able 
to measure directly the mean right auricular pressure and percentage of utilization 
of available oxygen. 

Besting minute oxygen consumption was not reduced in chronic and posthemor- 
rhagic anemia. Oxygen supply was maintained by increased cardiac output which 
at the lowest hemoglobin levels approximated the minimum necessary output, in- 
creased removal of oxygen in the periphery (up to 90 per cent of available oxygen), 
and reduced blood volume, resulting in greater concentration of total hemoglobin. 

Venous pressure is increased in the most severe cases. This congestive heart fail- 
ure in anemia was associated Avith increased cardiac output and decreased blood 
volume. Passive venous congestion otII not explain these Undings and eoaspieuoas 
increase of venous pressure may represent the last stage of a process of adjustment, 
which maintains the necessary minute output. 

The phase of increased cardiac output and pulse pressure after hemorrhage did 
not develop immediately and was preceded in three cases by a phase of low blood 
pressure and probably reduced cardiac output. 

Author. 

Berconsky, I.: Preventive Treatment of Supraventricular Paroxysmal Tachy- 
cardia With Carbamilcolina. Bev. argent, dc cardiol. 11: 120, 1944. 

Carbaminoylcholine chloride (Carbachol), in doses of 4 mg. per day, was used as 
a preventive of attacks of supraventricular paro.xysmal tachycardia. In four pa- 
tients with frequent crisis, this treatment prevented the attacks where quinidino and 
digitalis had previously failed. 

Author. 

Dubin, I. N., and HoUinshead, W. H.: Congenitally Insufficient Tricuspid Valve 

Accompanied by an Anomalous Septum in the Eight Atrium, Arch. Path. 38: 

225, 194-1. 

In the case described the tricuspid insufficiency apparently resulted from lack of 
diuerentiation of the tricuspid valve, hj’poplasia of the papillary muscles and aplasia 
of most of the chordae tendineae. The heart contained a large anomalous septum 
in the right atrium, probably representing a persistent right valve of the sinus 
venosus. 

Authors. 


Shapire, M. J,: Preoperative Diagnosis of Patent Ductus Arteriosus, J. A. if. 4. 

- 126: 934, 1944. 

Rickettsial spotted fever is a severe systemic disease. It is rarely diagnosed 
until the skin rash has appeared. No specific therapeutic agent is available which 
is etfeetive after the third day of the rashj hence, therapy must be largely sup- 
portive. 

Regulation of supportive therapy, based on tho pathologic physiology of the dis- 
ease, lias not been attempted. Because of tho vascular lesions, the loss of circulating 
body liuids, particularly protein, is analogous to that in bums, and peripheral 
circulatoiy collapse may develop if inadequate or improper treatment is given. The 
administration of saline solution or glucose without blood or plasma will aggravate, 
rather than correct, the abnormal physiology by washing out further protein. 



Abstracts and Reviews 


Selected Abstracts 


Crismon, J. M.: Effect of Hypothermia on the Heart Kate, the Arterial Pressure 

and the Electrocardiogram of the Rat. Arch. Tnt. AlecL 74: 2,35, 3944. 

The effects of hypothermia on the liearfc rate, the arterial pressure, and the electro- 
cardiogram of rats cooled to lethal levels were investigated. 

Both the heart rate and the conduction of the cardiac impulse were slowed by 
reduction of the body temperature. The relationship of the heart rate to the body 
temperature was linear over the range from 15° to 35° G. (59° to 95° 3?.), with 
a Qio of ,2.14j and had a high positive correlation. The slowing of conduction in the 
lieart was proprtional to the change in heart rate. 

During the reduction of body temperature, the arterial pressure increased as the 
sMvering became maximal doum to a rectal temperature of 29° C. (84.2° P.). 
Further reduction of temperature resulted in a decline of arterial pressure, at ffrst 
gradual, until the temperature reached about 23° C. (73.4° F.), and then precipitous, 
as the temperature fell below 21° C. (69.8° F,). The relation between arterial 
pressure and heart rate became linear after the heart had slowed to about one-third 
the normal rate. Complete atrioventricular block was observed only after the arterial 
pressure had reached levels below 80 mm. of mercury. 

Abnormalities of the P wave and complete atrioventricular dissociation were the 
most striking features at low temperatures. The arrhythmias were of two types: 
sinoatrial block Avith shift of the pacemaker to other parts of the atria and finally 
the establishment of atrioventricular nodal rhytlim and complete atrioventricular 
block. The first type was reversible by raising the body temperature slowly; the 
. second may be corrected by administering artificial respiration, or may disappear 
when the temperature rises slowly during recovery. 

Respiratory arrest in hj^pothermic rats occurred only after the arterial pressure 
had fallen below 70 mm. of mercury. The circulatory failure preceding respiratory 
arrest was closely related to the degree of cardiac slowing. 

Author. 

Member, S,, Bruger, M., and Oppenbeim, E..: Experimental Atherosclerosis. 

Arch. Path. 38: 210, 1944. 

Cholic or glycocholic acid fed with cholesterol to the rabbit increases markedly 
the cholesterol contents of the whole blood and the aorta as compared :ivith the levels 
obtained following the ingestion of cholesterol alone. 

Dehydrocholic acid, hyodesoxycholic acid, and desoxj'cholic acid do not possess 
tlus property. 

In two series of experiments in which descxj-cholic acid and glycocholic acid 
were used, respectively, the latter was shown to augment the cholesterol content of 
the liver ; the former was without effect in this regard. 

The feeding of cholic acid, unlike that of any other bile acid tested, is accom- 
panied, by increased concentration of combined (ester) cholesterol in the whole blood. 
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incidence of positive cutaneous reaction in the normal siblings of these rheumatic 
children is the same as in rheumatic children. 

The cutaneous reactions of normal children arc of a significantly milder degree 
than those of rheumatic children and their siblings; the Mghest degree of re- 
activity -was found in the normal siblings of rheumatic children. 

The incidence and the degree of cutaneous reaction to the fraction of the 
hemolytic streptococcus are not influenced by the age of the child, between the ages 
of G and liG years, or by the rheumatic status; active cases do not show a higher 
incidence or degree of cutaneous reactivity. 

Cutaneous reactivity to specific M fraction in rheumatic children diminishes only 
slightly with the lapse of time following an acute rheumatic episode. 

Authors. 

Mendelson, C, L.; Management of Delivery in Pregnancy Complicated by 

Serious Rheumatic Heart Disease. Am. J. Obst. cS; Gynec. 48: 329, 19-14. 

The successful management of pregnancy' complicated by serious rheumatic 
heart disease requires a program of medical and surgical obstetrics of the highest 
order. Barring other obstetric complications, the vast majority of cases can be 
successfully delivered by' the vaginal route. When indicated, vaginal therapeutic 
abortion is a relatively safe procedure for interruption of early pregnancy. 

The hazards of labor can be definitely reduced with good ante-partum care, 
careful functional evaluation, adequate digitalization, and shortening of the 
second stage. The pulse and respiratory rates intrapartum provide a valuable 
guide to the cardiac status. Abdominal delivery has been performed with de- 
creasing frequency, and yet it may still have its place in those patients who fail 
to improve in spite of treatment. Each patient should be evaluated as an 
individual problem. Once severe cardiac failure has occurred ante partum, there 
is a great ri.sk in discharging the patient from the hospital before delivery. 

The incidence of spontaneous abortion and premature labor, the duration of 
labor, and the blood loss at parturition in women with serious rheumatic heart 
di.scaso are not significantly different from values in normal women. 

Author. 


Salit, E. P., and Tuttle, W. W.: The Variability of Heart Rate and Blood Pres- 
sure in Selected Groups of College and High School Students. J. Lab. & Clin. 

:Med. 29: 1139, 19-4-4. 

Pulse after a standard exercise is a more reliable measure than the resting 
pulse, but the resting systolic blood pressure is a more reliable measure than the 
sy'stolic pressure after exercise. 

Even when conditions are carefully controlled, an individual’s heart rate and 
blood pressure are so variable from day to day that a number of determinations 
must be made if his general status is to bff established. 

Cardiovascular tests in general have little discriminatory power because the 
differences in scores among individuals are small in relation to individual 
variability'. 

Individuals cau more clearly bo distinguished from each other on the basis of 
poefexercise puke rates than on the basis of resting heart rate or tlie increase 
due to moderate exercise. The same is true of postcxercisc systolic and diastolic 
blood pressures. 

The relative efficiency of heart rate scores in distinguishing individuals from 
e.ach other has been demonstrated in terms of the percentage of significant differ- 
ences among individuals in a group. IVJiereas only S per cent of the differences 
in the re.-^ting pul.so for tho twenty men in our experiment are significant at the 
1 per cent level of confidence, 41 per cent of the differences in pulse one-half inbnitu 
after exercise are significant at this level. The corresponding figures for tho -.vomcn 
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IntxaTenous therapy, properly chosen, is not harmful, as it has been reported to 
he but may , prove lifesaving. It should include plasma and v?hole blood in ade- 
quate quantities in addition to glucose, salts, vitamins, and amino acids. Careful 
laboratory control in choosing the type and quantity of parenteral or oral fluids 
to be administered is important. 

The elevation of the blood nonprotein nitrogen and lowering of blood chlorides 
are connectable: 

Edema of the subcutaneous tissues and lungs can be produced by excessive ad- 
ministration of crystalloids. Tlie increase in water binding power of the circulating 
fluid, produced by the administration of blood and plasma, pulls water, out of the 
interstitial spaces and reduces the edema. The peripheral circulation can be sup- 
ported and the blood pressure raised from shock levels. 

The serum proteins are produced; nitrogen excretion studies suggest that protein 
destruction is great. The impairment of liver function makes protein replacement 
therapy necessary for variable lengths of time. 

Author. 

Coulter, W. W., and Marcuse, P.: Acute Isolated Myocarditis. Am. J. Clin. 

Path. 14: 399, 1944. 

A ease is reported in which a nonspecific type of myocarditis and less marked 
nonspecific changes in the lungs and liver were the pathologic findings. The lesions 
in the heart muscles were severe enough to account for the patient’s sudden death 
after a short illness with vague symptoms. 

Authors. 

Waitzkin, L.: Impending Myocardial Infarction. Ann, Int. Med. 21: 421, 1944. 

Acute myocardial infarction is preceded by premonitory symptoms in a goodly 
percentage of cases. In a patient previously well, cardiac pain, however brief and 
nuld, suddenly appearing during rest or customary activity, may imply existing or 
imminent myocardial infarction. In a case of pre-existing angina pectoris, cardiac 
pain, more readily precipitated by effort or beginning to occur at rest, may imply 
existing or imminent myocardial infarction. In considering symptoms suspected as 
premonitory it must be recognized that myocardial infarction does not inevitably 
follow them, but the strong possibility that it may. should lead to heightened sus- 
picion and therapeutic precautions. 

Author. 

Pease, P. P,, Steuer, L. G., and Peters, C. H.: Value of the Electrocardiogram 

in Acute Rheumatic Pever. Mil. Surgeon 95: 2S7, 1944. 

, The value of routine serial electrocardiograms in acute rheumatic fever has again 
been pointed out. Three cases are reported showing electrocardiographic evidence 
of cardiac damage which might have otherwise escaped detection. 

Authors. 

Taran, L. M., Jahlon, J. M., and Weyr, H. N.: Immunologic Studies in Rheumatic 

Pever. I. Cutaneous Response to Type-Specific Proteins of the Hemolytic 

Streptococcus. A. Response to Combinations of “M” Proteins Prom Selected 

Types of Hemolytic Streptococci. J. Immunol. 49: 209, 1944. 

Cutaneous reaction to the M fraction of twentj^-five known Griffith tjqjes of 
hemolytic streptococcus was studied in rheumatic children, their normal siblings, 
and normal children. The incidence of positive cutaneous reaction in normal 
, children is 65 per cent as compared with S3 per cent in rheumatic children. The 
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To determine whether or not a toxin may have developed in tlie constricted limb 
and may have been an important factor in the pathogenesis of shock and death, 
wo performed cross transfusion, injecting blood obtained from the distal portion of 
the femoral vein of the constricted limb into a normal (control) animal. To prevent 
increase in shock in the animal subjected to the application of the tourniquet through 
loss of blood, an equal amount of blood was removed from the recipient (control) 
animal, and injected into the shocked animal. 

Because of exigencies of war, work on the problem was interrupted ; only five such 
experiments could be performed. Pour of the five animals receiving blood from the 
constricted limb after release of the tourniquet died two to twelve hours after the 
transfusion was begun. The only dog to survive transfusion of blood which had 
circulated through the contricted limb was one which did not receive any blood 
from the constricted limb rmtil ten minutes following release of the tourniquet. If a 
toxin were present in the constricted limb it w'ould supposedly be more concentrated 
in the blood draining from the Ibnb during the first few minutes following release of 
the tourniquet. If this were true, survival of this animal, which, however, did go 
into shock during the transfusion (but recovered afterward), might be explained. 

* Authors. 

Joselevich, M., and Alactas, B. A.: Radiologic Image of the Arch of the Azygos 

Vein in Cardiovascular Disease. Eev. argent, de cardiol. 11: 98, 1944. 

Out of 1,287 chest x-ray films of ambulatory patients, one hundred ninety 
per cent (15 per cent) showed the right paratracheal image corresponding to the 
normal course of the arch of the azygos vein and seven (5.4 per cent) showed the 
presence of the IVrisberg ’s lobe. 

The x-ray films were classified in six groups according to the clinical diagnosis 
of the patients: various noncardiac; pulmonary; rheumatic fever; heart disease, 
compensated; arterial disease, compen-sated ; cardiac insufficiency. 

The paratracheal images were classified according to size in two types: with 
longitudinal and transverse diameters of less than 15 and 5 mm., respectively, and 
with diameters greater than these. Images of both were found in a proportion of 
83.9 and 16.1 per cent, re.spectively, in patient.s of the first mentioned group; of 
05 and 35 per cent in those of the second group; of CO.G and 33.3 per cent in 
patients of the fourth group; of 58.1 and 41.8 per cent in those of the fifth group; 
and of 30 and 70 per cent, respectively, in patients of the last group. 

Of the fourteen images of the second size found in the group of noncardiae 
patients, seven corresponded to pregnant women and three to hypertlijaroids. Of 
twelve patients with cirrhosis, five showed the paratracheal image: three of the first 
size and two of the second size. 

Our results tend to confirm the findings of otiiers which showed an increase in size 
of the paratracheal imago in cardiac insufficiency, in hyperthyroidism (in both cases 
duo probably to a higli venous pressure), and in cirrhosis of tho veins. The same 
finding wa.s made in the seven cases of Wrisberg’s lobe, showing that the arch of the 
anomalous azygos vein responds as the normal to tho causes which determine tliC 
increase of its radiologituil shadow. . . 

Authors. 

Sherman, C. P., and Ducey, E, F.: Cardiac Mensuration. Am. J. Koentgenol. 51: 

439 , 1911 . 

A direct compari.son was made between the transver.-e cardiac diameter of two 
hundred adult males, obtained within ninety days of deatli, and the weight of tlicir 
hearts at autopsy. 

In this study, the results by the Ungcrleider metliod are much more clo.st“ly cor- 
related with tho actual cardiac weight than arc those of tho other two roentgen 
methods studied. 
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are 25 per cent and 32 per cent. At the 5 per cent level, of confidence, 62. per cent 
of the differences in pulse after exercise are significant among the men; among the 
women only 53 per cent of the differences are significant at this level of confidence. 

, ' ■ . • Authors. 

Wehh, A. C.: Periarteritis Nodosa in Pregnancy. Arch. Path. 38: 329, 1944. 

- Periarteritis nodosa was observed in a parturient woman whose death most prob- 
ably can. be ascribed to severe toxemia and puerperal sepsis. The role played by 
the lesions of periarteritis nodosa in relation, to the death of the patient cannot be 
evaluated. 

Author. , 

Hines, E. A., Jr.: The Prevention of Venous Thrombosis and Pulmonary Em- 
bolism. J. South Carolina AT. A. 40: 159, 1944. 

Some of . the general measures which may be of help in the prevention of post- 
operative venous thrombosis and pulmonary embolism are: careful surgical tech- 
nique with avoidance of trauma to tissue and especially to blood vessels; the 
preoperative and postoperative treatment of anemia; avoidance of abdominal com- 
pression by tight compresses and bandages; adequate fluid intake; prompt treatment 
of infection; warm environmental temperatures, especially about the lower extremi- 
ties; respiratory and leg exercises and massage; and keeping the patient in bed 
for as short a period as practicable. 

■ The author also discusses the special methods used for the prevention of anti- 
coagulant therapy and ligation and division of the femoral and iliac veins and 
thrombectomy. It is his opinion that the operative procedure is less safe and more 
conducive to permanent chronic venous insuflieicncy than is adequate and properly 
controlled anticoagulant therapy. 

Author. 

Chess, S., Chess, D., and Cole, W. H.: Experimental Tourniquet Shock With Par- 
ticular Reference to the Toxic Pactor. A Method of Production Eliminating 
the Influence of General Anesthesia and Nervous Impulses. Arch. Surg. 49: 
147, 1944. 

Tourniquet shock can be produced consistently in animals and is therefore par- 
ticularly adaptable for study, but the extreme pain produced by the tourniquet 
makes it necessary to utilize some type of anesthesia. Prolonged anesthesia, whether 
produced by a barbital compound or a general anesthetic, is undesirable. Moreover, 
since nervous impulses are obviously so intensive, this factor might alter the data 
derived from the experiment. To obviate these disadvantages we have adopted 
the procedure of cutting the spinal cord at the level of the lowest dorsal or the 
uppermost lumbar vertebra, two to four days before the experiment is to be per- 
formed, It is unwise to wait much longer, since the anesthesia induced in the 
lower extremities, which are dragged over the floor of the cage, may allow develop- 
ment of ulcers, infection, etc. Manipulation or operation may be conducted with- 
out pain on the lower extremities of the animal with no more anesthetic than a 
moderate dose of morpliine. To keep the tourniquet anchored in one place a sterile 
nail can be driven deeply into the trochanter. In the experiments in which shock was 
produced by release of the tourniquet, death always occurred if the tourniquet had 
been left in place for at least nine hours. In ten animals studied by this method, 
death occurred after an average of two hours and thirty-four minutes following 
release of the tourniquet. The average loss of plasma into the extremity before 
and following release of the tourniquet, as determined by the method of Blalock, 
'svas only, 2.1 per cent of the total body weight, which is insufficient in itself to 
explain death. 
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A case is leported of aneurysm of the renal artery associated with calculus 
pyonephrosis, in which a correct preoperative diagnosis was made by finding a t.vpical 
ring shadow on the x-ray film in the region of the renal pelvis. Owing to the loca- 
tion of the aneurysm, the lesion was missed at operation, but was clearly disclosed 
on pathologic examination of the extirpated kidney. 

Authors. 


Yonkman, T. P.: Toxicity of Yohimbine Hydrochloride. J. Lab, & Clin. Alcd. 

29: 1222, 194L 

Yohimbine, fed ad libitum to rats in drinking water, seems to be nontoxic for 
over three months except when the concentration in the water is increased to 1:1,000. 
On higher dilutions, growth and vigor are generally maintained at good levels and 
habits are normal. Autopsy findings are essentially normal. 

Author. 

Quick, A. J.: Anitcoagulants Effective in Vivo With Special Eefeience to 

Heparin and Dicrunarol. Physiol. Bev. 24: 297, 1944. 

The normal antithrombin of the blood is closely a.«sociated with the albumin 
fraction. It does not inhibit or retard coagulation, but merely inactivate.'! 
thrombin. Quantitative methods have been developed for its determination, but 
the significance of its variation in the blood remains obscure. 

Heparin, the natural physiologic anticoagulant, is a compound closely related 
to mucoitin-polysulfuric acid. Due to its strongly acidic character, it forms com- 
plexes with various proteins and other biologic compounds. Heparin per so is not an 
antithrombin, but with a cofactor present in .serum albumin forms a .strong thrombin- 
inactivating eomple.x. Heparin in inhibiting the conversion of prothrombin to 
thrombin likewise requires a eofactor which is present in the plasma. Heparin 
prevents the agglutination of platelets, probably by virtue of its anticoagulant action. 
The function of heparin in the body has not been determined. It is liberated 
during anaphylactic and peptone shock, but tlic mechanism whereby this is brought 
about is still obscure, and the purpo.«e of tJii.s jdiysiologic response has not been 
a.'^ertained. 

Antithrombopla.stin has been demonstrated in the blood, and evidence has been 
found that it is abnormally increased in hemopliilic blood. 

Dicuniarol is the to.xic principle isolated from spoiled sweet clover hay. It is a 
coumarin derivative which had not hitherto been known to occur in plants. When 
dicumarol is administered orally or intravenously to man or animals, it causes a 
gradual but severe decrease of the prothrombin of the blood (or more accurately of 
component B of prothrombin). Several days are required for the production of it.s full 
effect, and recovery is equally slow. Evidence is accumulating which suggests that 
vitamin K has some antagonistic action against dicumarol. The hypoprothrombineniia 
produced by the drug can be temporarily alleviated by transfusion. Dicumarol 
appears to have no to.xic action otlier than depressing the prothrombin e.xcept in 
excessive dosage. It is probable that some of the patliologic findings in fatal cases 
of dicumarol poisoning can be attributed to tissue anoxia duo to the severe anemia 
alter excessive hemorrhage. 

Salicylates especially when given to animals on a low- v-itamin K diet depress the 
prothrombin of the blood but to a much smaller degree than dicumarol. .Sulfa- 
guanidine and succinyLulfatliiazoI :ilso cause a hypoprothrombineniia, but the action 
uppe.ars to be due to a depression of the .synthe.-*is of vitamin K by the bacteria of 
the intestine.-! and not to a direct action on the i.ynthesis of prothrombin. 


AUTHOR. 
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There is constant correlation between tbe percentage deviation of the transverse 
diameter, as obtained by the Ungerleider method, and the percentage deviation 
in heart weight as calculated from Zeek’s table. This correlation expressed 
numerically has a value of 1 : 3.3. 

Marked deviation from normal body weight and pericardial effusion greater than 
200 c.c. impair the accuracy of the method to such an extent as to preclude its use 
without qualification. 

Authors. 

Monahan, D. T.: Ligation of the Aorta and Both Common Liacs for Aneurysm. 

Surgery 16: 519, 1944. 

A case is reported in which the aorta "was occluded in stages by rubber bands 
proximal to an aneurysm with division of both common iliac arteries. The patient 
lived approximately five months from the time of the first ligation. Seven cases of 
aortic ligation are reviewed. Of these, there were four partial, and three total, 
occlusions. Of the three total occlusions, two patients had collateral established at 
the time of operation, and the third had alarming paralysis of the extremities follow- 
ing bgation, and survived probably because of his youth. 

Occlusion of the lower abdominal aorta is feasible. Furthermore, man will tolerate 
division of both common iliaes after ligation of the aorta. Cotton tape has been 
demonstrated as the least noxious material for ligation. It seems reasonable that 
ligation in stages with cotton tape, plus ligation of both iliacs, should cure 
aneurysms of the lower abdominal aorta. 

Author. 

Lazarus, J. A., and Marks, M. S.: Aneurysm of the Eenal Artery — ^True and 

False — -With Special Eeference to Preoperative Diagnosis. J, Tirol. 52; 199, 

1944. 

Aneurysm of the renal artery is a rare clinical entity, as evidenced by the fact 
that we were able to collect only seventy-five cases from the literature. This in- 
cludes the case here presented. 

A history of trauma was elicited in 34.7 per cent of these cases. Among the other 
etiological factors associated with this condition are systemic debilitating infections 
and atherosclerosis. 

Pathologically, aneurysms may be classified as (a) true and (b) false. True 
aneurysm is a saccular dilatation of an artery containing all the elements of the 
arterial wall and results from weakening of the arterial wall as a result of sclerosis, 
fatty degeneration involving the elastic fibers from some debilitating systemic in- 
fection, or atherosclerosis. A false aneurysm is a saccular dilatation of an artery 
due to trauma resultiug in complete disruption of continuity of the arterial wall 
either in part or in its entirety, in wliich the limiting wnlls from without inward 
consist of adventitia, laminated blood clot, and endothelium. 

Small aneurysms of the renal artery usually give rise to no symptoms. Larger 
aneurysms, however, usually give rise to symptoms, the most common of wliich is 
pain in the loin (62.7 per cent). A mass was felt in the loin in 30 per cent of the 
recorded cases. 

The presence of an opaque ring shadow with dense periphery on the x-ray film 
in the region of the renal pelvis is an extremely valuable diagnostic sign of this 
disease. 

The indicated procedure in the treatment of renal artery aneurysm is immediate 
nephrectomy Avith ligation of the renal artery proximal to the point of origin of the 
aneurysm. 
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Book Reviews 


Clinical Heart Disease: By Samuel A. Levine, M.D., Assistant Professor. of Medi-' 
cine. Harvard Medical ScliooL Ed. 3, W, B. Saunders Company, Philadelphia, 
1945, 462 l)ages, 157 illustrations, $6.00. 

The autlior states that the general character of tlie book has not been changed 
' froin that of previous editions. The discussion of the surgical treatment of patent 
ductus arteriosus and of the chemotherapy of subacute bacterial endocarditis has 
been amplified, the latter to include penicillin. Brief reviews of scleroderma 
heart, rupture of. valves, and the heart in Addison’s disease have been added. 
The . discussion of electrocardiography has been elaborated. A few phonocardio- 
grams are reproduced in this edition. 

The book is intended for the general practitioner. Its popularity is attested 
by the frequency with which new editions appear. The subject matter is pre- 
sented in clear and simple form and, in general, reflects the. most widely accepted 
views. The author seems to be at his best when he discusses treatment, although 
the part of the presentation of electrocardiography- dealing with abnormal cardiac 
mechanisms is also^ very well done. He belongs to the school of thought which 
holds that, as a rule, only one chest lead, in addition to limb leads, is necessary 
for the study of myocardial damage, although he does concede that, in case of 
doubt, three or six chest leads may be useful. Like most authors of books on 
..the heart, he does not appear to be troubled by doubt as to the complete validity 
of the Einthoven equilateral triangle hjqpothesis and all the tidy concepts erected 
upon it. 

Charles C. Wolperth. 


Erratum 

In the article entitled “The Effect on the Blood Pressure of Normal Persons 
and Hypertensive Patients of Glyceryl Trinitrate, Sodium Nitrite, Erythrol Tet- 
ranitrate, and Mannitol Hesanitrate, ” by John G. Weaver, J. H. Wills, and H. C. 
Hodge, which appeared in the November, 1944, issue of the Journal, volume 28, 
page 603, the dose of nitroglycerin, given in the second line of the first paragraph, 
should read 0.0006 6m. instead of 0.006 Gm. 
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of physiology, normal and abnoiinal, in animals and in man, helped by 
the application of tlie experimental method, was the keynote of Thomas 
Lewis’ scientific life. It happened through Mackenzie’s influence that 
the circulatory .system wms his special field of interest, but he preached 
the gospel of his high standards of .scientific endeavor to all workeis in 
clinical medicine in order to raise up a group of vigorous investigatois 
in what he called clinical science. He passed on the torch which he had 
eariied for years, beginning in 1909, the date of the first issue of the 
journal Heart, to the editors of Clinical Science (incorporating Heart) 
in 1933. His emphasis was on the study of man himself. 

In the course of his studies he made many contributions of value and 
several of lasting note. He described auricular fibrillation in man in 
1909, the spread of the electrical impulse in the mammalian heart over 
a period of a number of years following that date, the characteristics 
of the various arrhythmias and their responses to various drugs, periph- 
eral vascular disorders, the reactions of the blood vessels of the skin, and 
the mechanism of pain. He wrote important books at a young age, his 
most notable being his masterpiece, the Mechanism of the Heart Beat, 
in 1911, when he was only 29. This volume he enlarged considerably 
in two later editions which he called The Mecluinism and Graphic 
Registration of the Heart Beat, the third being published in 1925. He 
wrote voluminously but always to the point without waste of Avords. 

Among his other more important books were those on The Soldier’s 
Heart and the Effort Syndr'ome (fii'st edition, 1918, second edition, 
1940), Blood Vessels of the Human Skin and Their Responses (1927), 
Vascular Disorders of the Limbs (1936), and Pain (1942). lie as- 
sembled his experience and ideas about Heart Disease in a small volume 
in 1932 (second edition, 1937) and he prepared small guidebooks i‘oi‘ 
the clinician, summarizing the current knowledge of the arrhythmias 
assembled by Mackenzie, Wenckebach, himself, and others, entitled 
Clinical Disorders of the Heart Beat (fii-st edition, 1912; sixth edition, 
1926), and of electrocardiography in the early days entitled Clinical 
Electrocardiography (first edition, 1913; sixth edition, 1937). Lectures 
on the Heart, published in 1915, eompri.sed the series of special talks that 
ho gave in the United States on one of his visits to this countiy. 

But more important than his Avritings Avas liis influence on his stu- 
dents and associates and on the medical thought of his time. His Ava.s 
a forceful, keen intellect, brooking no deceit, lazine.ss, or sluggish inac- 
curate thinking or AAU’iting. He Avas very economical in his OAvn .speech 
and intolerant of verbosity in others. His thoughts usually leaped 
ahead of those of the people about him, and in his earlier years he ex- 
])ressed his imimticnce often forcefully — it Avas a Avaste of his valuable 
time, he seemed to imply, to have to explain things over and over. As 
he grew older he became more tolerant of the shortcomings of otheis 
and of the contributions that others Avere making, but his earlier atti- 
tude Avas a powerful .stimulus to tho.se of his students aaAio could Aveather 
the strain, to emulate his industry, initiative, and accuracy. 

Among his many students AA'ere young American physicians Avho, at 
the present day, may be found in the larger medical centeis of thi.s 
countiy at the peaks of their useful careers in medicine, particularly in 
their chosen field of cardiology', and Avho gratefully acknoAvledge tho 
debt they owe to the great master. It is therefore particularly appropri- 
ate for the American Heart A.s.sociation through its Journ.ae to render 
hercAA'ith its homage to the memoiy of Thomas f..ewi.s. 

Paul D. Wjutk. 
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In Memoriam 


THOiMAS LEWIS 
1881-1945 

The world has lost a great medical leader. Thomas Lewis died at his 
home in Eickmansworth, England, on March 17, 1945, in his sixty- 
fourth year, after a fourth attack of myocardial infarction, the first ill- 
ness of the sort having occurred eighteen years earlier. Like liis owui 
master, James Mackenzie, he suffered from a disease of the circulation, 
but despite it, made some of his most important contributions after the 
onset of this trouble. 

Thomas Lewis was born in Wales in 1881, the son of Henry Lewis of 
Cardiff. He received his collegiate and professional education at the 
University College of Cardiff and the University College Hospital Med- 
ical School of London, where later he served as physician and investi- 
gator. _ He worked for years as a Beit Memorial Fellow in his animal 
and clinical investigations and as a member of the Medical Eesearch 
Council from 1933 to 1937. He was consultant to the City of London 
Hospital, the Eastern Command, and the Alinistry of Pensions, and, at 
one time (in 1914), when the present writer was working mider his 
direction, he served as medical consultant to the London Zoo, where he 
was able to secure all kinds of hearts of interest. He gave various 
notable lectures, including the Oliver-Sharpey, the Linaere, the Harvey 
and the Herter Lectures in 1914, the Croonian of the Eoyal Society in 
1917, the Eoyal Medical in 1927, the St. Cyres and Wesley M. Cai’penter 
Lectures in 1931, the Mary Scott Newbold in 1932, the Harveian Ora- 
tion in 1933, the Huxley Lecture in 1935, and the George Halliburton 
Hume in 1937. Many honors came to him : C.B.E. in 1920, knight- 
hood in 1921, D.Sc., LL.D., the Eoyal Medal in 1927, the Copley medal 
of the Eoyal Society in 1941, and the Conway Evans Prize in 1944, the 
last having been presented to him but a few months before his death. 

He married Loma, daughter of Prank Trehorne Janies of Merthyr 
Tydfil, Wales, in 1916. Their three children are Patricia, Christopher 
(studying medicine at Oxford), and Philippa, who, because of her 
tender age, spent four years (1940 to 1944) in this country. 

Sir Thomas was alwaj'-s greatly interested in natural history and 
spent many hours throughout his life studying and photographing birds 
m their natural surroundings. It had been a hope of his some day to 
; publish his rare collection of bird pictures. 

Although it has always been hard to classify Thomas Lewis, his chief 
contributions were the finks he created between physiological knowl- 
edge and technique and the medical clinic. Thus he was one of the 
pioneers m sound clinical investigation, a physiologist in the clinic and 

^ipcianin the laboratory of animal experimentation. 

Painstaking, accurate, and indefatigable obseiwation of the proce.sses 
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Original Communications 


^lANAGEMENT OF THE MYXEDEjMATOUS PATIENT WITH 
SYjMPTOMS op cardiovascular DISEASE 


Thomas Hodge McG-ayack, M.D., Kurt Lange, M.D., and 
David Schwmmer, M.D. 

New York, N. Y. 

T hat cardiac complieatious are frequent in myxedema is proved by 
the fact that twenty-four patients \vith franlv myxedema and cardiac 
complaints have been seen on the wards of a general city hospital within 
a period of four years. Nineteen (79 per cent) of these were admitted 
because of the severe cardiac condition, Avith either right or left ventricu- 
lar failure, or both. Eight (42 per cent) of these nineteen died. Five 
died Avithout receiAung any thyroid medication, and despite energetic 
cardiac treatment. Three of these AA^ere in the hospital less than forty- 
eight hours. The other tAvo lived tAventy-one and forty-one days, re- 
spectively. We believe the status of these patients could haA’^e been ma- 
terially improA^ed by the judicious use of thyroid therapj". On the other 
hand, it appears that, in tAvo of the three cases in Avhich thyroid hor- 
mone Avas given, its overzealous administration resulted in death. 

In ten of the nineteen cases Ave Avere able to make serial studies of 
the basal metabolic rate, the blood cholesterol, the blood proteins, the 
circulation time, capillary permeability, electrocardiograms, and tele- 
roentgenograms. Out of these obserA’-ations have come data Avliich may 
establish useful criteria for folloAving therapy. 

JIETHODS 

All patients remained in the hospital for the entire period of study. 
All laboratory methods Avere those in common clinical use, AAuth the fol- 
loAving exceptions : Cephalin flocculation tests Avere done by the method 
originally described by Hanger,^ using cephalin prepared according to 
the method of Thudichum;- fresh reagent Avas prepared once Aveeldy, 
as suggested by others.^ Drelrter’s method^ was used for estimating 
blood cholesterol ; normal levels by this method range from 130 to 200 
mg. per 100 e.c., with the free fraction not exceeding 35 per cent of 
the tot al. Circulation time and capillary permeability Avere ascertained 

TT Department of Medicine. New York Medical College, and the Research 

unit of Metropolitan Hospital, New York City. 

Read before a scientific session of the New York Heart Association, May 2, 194-1. 
Aided by a gi-ant from the John and Mary R. Markle Foundation. 

Received for publication June 21, 1944. 
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and whose myxedema was very slight (Case 17, K. B.). Her basal 
metabolic rate was only -10 per cent. However, her sjmiptoms, signs, 
and course subsequent to the relief of the cardiac failure fully justified 
a diagnosis of myxedema, rather than one of sunple hypothyroidism. 
The average blood cholesterol in eighteen eases shortly after admission 
was 364.3 mg. per 100 cubic centimeters. One of four patients whose 
cholesterol level was below 200 mg. per 100 c.c. bad congenital my.v 
edema, with patency of the ductus arteriosus and other anomalies. lie 
died at the age of 9 months. 

Table III 

Dat.a. Froji Initial Observ.vtioxs on Twenty-Four P.vtients With Myxedem.s 
Blood Cholesterol* (eighteen patients) 

Low = 112; High = 750; Average = .3(34.3 


RANGE OF VALUES 

NUMBER OF OASES 

Below 200 

4 

Between 201 and 300 

5 

Between 301 and. 400 

4 

■ Between 401 and 500 

1 

Between 501 and 600 

2 

Above COO 

2 


'In milligrum.s per 100 cubic centimeters. 


4. Total hlood proteins and the albumin, globulin, and fibrinogen 
fractious were ascertained in sixteen cases (Table IV). The highest 
figure for total protein was 10.52 Gm. per 100 c.c. ; the lowest, 6.58; and 
the average, S.28. In no mstance was the albumin-globulin ratio re- 
versed, but it approached 1 in three eases. Two of these had severe 
conge.stive failure at the time the specimens were taken. The third, 
our oldest patient, aged 71 years (Ca.se 5, S. S.), was severely my.\- 
edematous and showed a moderate, anginal type of failure, but no con- 
gestive plienomena, 

Tabi,e rv' 


Data From Initial Obsekv.vtion.s o.n Twenty-Four Patients With Myxedeha 

Blood protein* (sixteen patients) 

Low = G.oS; High 10.52; Average = S.28 


RANGE OP V.ALUES 

NU.MBEROFCASE.S 

Between 6.5 and 7.5 

6 

Between 7.6 and 8.0 

5 

Between S.l and 9.0 

3 

Above 9.0 

2 


•In pcrcent.agc. 


5. Tlie circulalion time on, or shortly after, adinksion, measured by 
a method previously described by one of us (K. L.®), averaged 23.3 
seconds in thirteen eases (high normal, 17.5 seconds), ivith a low of 16 
seconds and a high of 31 seconds, 

6, Gapillanj pcnneabilitij. as a.scertaincd by the method of Lange, et 
al.,^’ ^ was increased in each of the eiglit cases in which it was .studied 
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by the fluorescein technique of Lange, et al.°' ® Any modification of other 
procedures \yas chiefly concerned with the methods of taking specimens 
and the amounts of serum used, as described elsewhere." 

INITLVL OBSERVATIONS 

The clinical picture of myxedema was present in twenty-four pa- 
tients, of whom nmeteen had cardiac complications. 

1. The cardiac condition was believed to be due solely to the myx- 
edema in four cases (Table I). Myxedema undoubtedly played a role 
in eveiy ease, but other etiological factors could not be excluded. That 
is, one patient had syphilitic aortitis; thirteen, arteriosclerotic changes; 
and five, hypertension with cardiac involvement. Five electrocardio- 
grams revealed changes caused by myxedematous involvement only; 
nine showed such changes superimposed upon other types of involve- 
ment; and, in six, no such alterations could be observed. Myxedema 
alone produced cardiac enlargement in two instances; in neither of 
these was pericardial fluid present. The enlargement was associated 
with h>q)erteusion in three eases, and with right and/or left ventricular 
faUuf e in thirteen cases. 

2. The lasal metabolic rate was measured in nineteen cases (Table II). 
The lowest rate was -46 (Case 9, E. W.), and the highest, -10 (Case 17, 
K; B.), wdth a general average of -25.5 per cent. In seven eases the 
basal metabolic rate on, or shortly after, admission was obviously ele- 
vated as a result of the cardiac condition. Pour of these were among 
the patients with basal metabolic rates between -10 and -19 per cent, 
and the remainder fell into the gi’oup with values betw^een -20 and -29 
per-cent. 

Table II 

Data Froai Initial Observations on Twenty-Four Patients With Myxedejia 

(Male, four; female, twenty) 

Basal metabolic rate* (nineteen patients) 

Low = -46; High = -10; Average = -25.5 

' - RANGE OF VALUES NUIIBER OP CASES 

Between -10 and -19 7 

Between -20 and -29 8 

Between -30 and -39 3 

- , Between -40 and -49 1 

Values in percentage. 

♦Basal Aletabolic rate pi'obably influenced by cardiac condition in seven cases of 
which four were in the group with rates below -20 per cent. 

. 3. The liighest blood cholesterol (Table III) was 750 mg. per 100 e.e. 
which occurred in a 71-year-old patient (Case 5, S. S.) who wms ad- 
mitted to the hospital because of dizziness, attacks of unconsciousness 
(“fits’:’), and shortness of breath. Her basal metabolic rate' was -22 
per cent. The lowest blood cholesterol was 112 mg. per 100 c.c. • this 
was observed in a 60-year-old woman whose cardiac failure was severe 
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ment of tho heart was moderate, with the cardiothoraeic ratio Just above 
the upper normal limit (0.51) in one (Case 9, R. W.). 

SUBSEQUENT DATA .VND DISCUSSION 

1. In cases of uncomplicated mjucedema, a slow, uniformly steady 
loss of weight was a good index to the effectiveness of therapy, but af- 
forded no help wliatsoever when cardiac complications associated witli 
congestive failure existed. Equally unreliable in the latter circum- 
stances were the pulse rate and blood pressure. 



FAILURE ESSSSSa •' MYXEDEMA mil/mi 


Eisr. 2. — Case 8, J. C. Clinical chart. Note the early change in capillary permea- 
bility, the gradually rising basal metabolic rate, and the uninfoimative circulation 
time. 


2. As a re.sult of cardiac failure, the basal metabolic rate was unin- 
formative in at least seven cases at a time when it wa.s important to know 
whether or not the correct amount of desiccated thyroid substance was 
being used. The intluenee of cardiac failure alone is well illustrated 
in Figs. 2 and 3. In Case 8, J. C. (Fig. 2), the basal metabolic rate 
decreased from -32 to -39 per cent in three days as a result of improve- 
ment in the cardiac statu.s. In Fa.se JG, (J. F. (Fig. 3), the rate rose 
from -24 to -13 per cent in nine day.s as a result of congestive failure, 
and fell to -42 per cent as soon as all the cardiac symiiloms were con- 
trolled and before thyroid medication wa.s begun. 
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before treatment ; tlie degree of change in one nistanee reached approx- 
imately 165 per eeiit above the average normal figure, and approximately 
: . 130 per cent above the upper normal limit (Fig. 1, tracing of G. F.). 

; Unlike the circulation times and basal metabolic rates, these figures were 
• not appreciably disturbed by cardiac edema, which has been previously 
shown not to influence capillary permeability.® 


Capillary Permeability in Myxedama as Measured in the Le^ 
by the Derm^luoromater. (Numerals to the ri^t of the Case 



7. Electrocardiograms were taken on eighteen of the nineteen pa- 
tients who showed signs of cardiac failure. Thirteen revealed Ioav 
voltage in all leads and all complexes, and two of these showed no other 
electrocardiographic evidence of myocardial disturbance. 

8. Roentgenologic examination of the heart and lungs was carried 
out on eighteen of the nineteen patients with cardiac failure. In 
eighteen cases the cardiothoraeie ratio exceeded 0.50, and such patients 
are noted in Table I as having large hearts. Hj^droperieardiuin prob- 
ably aecomited for the entire enlargement in one case (Case 23, G. E.), 
and was diagnosed by physical examination, Avith subsequent con- 
finnatory tap, in the one ease in which roentgenographic study was not 
performed. In the four cases in Avhich no cause for the cardiac con- 
dition other than the myxedematous state could be found, the enlarge- 
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figureb-, altliougli the changes might not he sufficiently great to aid in 
the direction of therapy. In general, the cholesterol levels responded 
more slowly and more irregularly than did the basal metabolic rate in 
the patient witliout heart failure. In the latter state they were a 
reasonably reliable guide to the patient & thyroid status. For instance, 
the initial cholesterol level in Case 24 (31. P.) was 340 mg. per 100 e.e. 
of blood. When her myxedematous state was under satisfactory con- 
trol, the cholesterol value was never observed to be greater than 200 rag. 
per 100 cubic centimeters. Conversely, it was never below that figure 
when any signs of hypothyroidism were present. 3Ioreover, when she 
was myxedematous without cardiac failure, tlie levels were approx- 
imately the same as when the cardiac symptoms were in evidence. In 



WJimm MYXEDEMA tJSA'OnS ANGINAL PAIN OR FAILURE 


Flff. -L— Case 9, Ft. W. Clinirul chart. 

niyxeJema. in which scveie 


This lecoiil showb the response in a case of 
signs of failure never occui reil. 


other words, the total value .seeniod to be independent of her cardiac 
status, altliough the percentage of esters miglit be adversely influenced 
thereby. The change in cholesterol toward normal is of much more sig- 
nifuiaace Uian the absolute level itself. This is illustrated in Case IG 
(I ig. 3), ill which the cholesterol level fell 260 mg. per 100 c.c. of blood 
between the twenty -sixth and seventietJi days of observation, with simul- 
tancou-s, favorable changes in basal metabolic rate and capillary per- 
meability. The rc.-,ulling level was still high (3S0 mg. per 100 c.c.), and 
the patient .btill had severe hypotiiyroidisni, but was definitely im- 
piovcd. In (,ase D (II. W.) the changes were equally dramatic; normal 
le\eh were not reached until capillai-y permeability wa.s normal and the 
basal metabolism had markedly improved (Pig, 4). 
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i : Changes, in the basal metabolic rate' in cardiac disease have not been 
satisfactorily explained. At least two ’ factors , may alter the basal 
metabolic,, rate in cardiac failure. Dyspnea increases mnsenlar effort 
and, therefore,, the oxygen consumption. Edema increases weight and, 
, therefore, lowers the calculated basal metabolic rate. However, the in- 
. ffuence of tlie fii'st of these two opposing mechanisms usually outweiglis 
- the second, so that the net result is usually a more or less marked eleva- 
tion of the metabolic rate. 



Pig. 3. — Case IG, G. P. Clinical chart. Note the false basal metabolic rate as a 
result of cardiac failure. With true figure about the fortieth day of observation. Capil- 
lary , permeability was altered toward normal, along with cholesterol and the basal 
metabolic rate. 


3. Yalues for total cholesterol were highly informative in confirming 
the presence of myxedema; normal levels were found in only four of 
twenty-four cases. Except in longstanding right-sided heart failure, 
the ratio of cholesterol in the free and combined forms was invariably 
within normal limits, whether the patient was in a myxedematous state, 
in cardiac failure, or normally controlled. “When levels were originally 
high while myxedema existed, subsequent variations were always in- 
.fluenced by the degree of thyroid sufficiency; the value decreased with 
every increase in the basal metabolic rate, and in all instances attained 
normal levels when the patient’s thyroid status was fully restored to 
nonnal. Similar variations occurred in patients with initially normal 
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4. If the figures for total blood proteins were above normal, they 
were of confirmatory value in establishing the diagnosis of myx- 
edema. However, 36 per cent were well Avithin normal range, and 
an additional 31 per cent could be looked upon as high normals 
(Table W). Neither the total figure nor any fraction thereof Avas of 
any value in folloAving the progress of the patient. The albumin- glol)u- 
lin ratio Avas equally iininformative. ITnder treatment Avith thyroid 
■substance, high values Avere brought Avithin the normal range, but the 
degree of change never reflected the patient’s general condition, nor did 
it indicate thyroid status at any particular moment. In the interests of 
simplicity, serial figures for proteins have, therefore, been omitted from 
all of the graphs. 

5. In the presence of both myxedema and cardiac failure, the circula- 
tion time is a totally xuireliable method of gauging the progress or course 
of either. Of the two conditions, conge.stive failure has a more pro- 
found effect in raising the circulation time than does myxedema. The 
most marked inereciscs Avere noted AAdien both Avere present simulta- 
neously. Case 8 (Fig. 2) illustrates the difficulty encountered in evalu- 
ating this test. The circulation time remained at a constantly high level 
until couAmleseence Avas avcII established. 

6. Capillary iiermeability cannot be qunntitatiAmly measured in tlio 
Negro race, l)ut in the Avhitc patient it has afforded one of the earliest 
and mo.st reliable signs of diminution of the myxedema. It has been 
folloAved for periods of Iavo to ten months in five ca.se.s. The records of 
some of these are shoAVn graphically in Figs. 2 to 5, inclusive. The 
profound increase observed in myxedema shoAVs improAmment before it 
has been indicated by any other object lA-e measure we have u.sed. This 
test has the distinct advantage of being uninfluenced l)y cardiac decom- 
pensation.’’ The fluctuations in permeability are, moreover, qmmti- 
tatively large (Figs. 2, 4, and 5), .so that relatively slight improA'ement 
in the general condition of the patient is reflected in the curves obtained. 

7. Electrocardiograms that showed changes due only to the myx- 
edematous state Avere present in three of the nineteen patients who en- 
tered the hospital primai'ily because of the cardiac disturbance. In 
these, .serial examinations shoAved a return to normal as the myxedema 
Avms relieved. In the serial tracings of R. W. (Case 8, Fig. 6), the 
bi'udycardia and the Ioav voltage originally present in all complexes of 
ail leads gaA’e Avay gradually to a normal eleelrocardiogram as the myx- 
o<iematous state di.sappearc‘d under steadily increasing doses of thy- 
roid hormone. The relationship of these cardiac changes to the other 
clinical data i.s readily appreciated by referring to Fig. 4, the "first 
day oi Avhich is April 7, 1943. On tfie seventietli day of ob.serva- 
tum, JuiAc 16, 1943, the basal metabolic rate Avas rising, but Avas .still 
fair from normail ( -26 ])er cent) ; the circulation time AVas for the fii'-st 
time Avithin normal limits ( 16 seconds) ; the eaq)ilhiry permeability wars 
normal; aiul the blood cliolcsterol .several days later Avals 150 mg. per 
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Eio. 6. — Electrocardiograms in Case 9, R. W. April 9, 1943, bradycardia and low 
voltage in all complexes. May 27, 1943, after a total of 5.5 grains desiccated thyi’oid 
substance taken in sixteen days without appreciable change. June Iff, 1943, eight- 
een days later, during- which 13.5 grains thyroid hormone were taken. Note increased 
amplitude of all complexes ; T: still very low. Capillary permeability still high. 
June 24, 1943,. Tj greater than 1 mm.; capillarj.'- permeability normal. 'Basal meta- 
. bohc rate still low, -26 per cent. July 23, 1943, patient clinically well ; basal meta- 
bolic rate, -12 ; and capillary permeability normal. 
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100 cubic centimeters. Complete disappearance of the a1)nornial electro- 
cardiograpliic features occurred between June 10, 1943, and June 24. 
1943. That capillary permeability simultaneously decreased to slight ly 
below the average normal mean, despite the continuation of a slow 
pulse rate and a lo-w basal metabolic rate, would appear to be more than 
coincidental. It leads us to believe that changes in the capillary per- 
meability of the cardiac musculature may have something to do with the 
low voltage which is usually present in eases of uncomplicated myx- 
edema. Just what disturbances of water and electrolytic balance ac- 
company this altered capillary state it is at present difficult to say. In 
any event, they seem to be capable of materially decreasing the func- 
tional capacity of the heart in such a manner as to lower its tolerance 
for thyroid hoi-mone. Gradual improvement in the electrocardiogram 
and normalization of the capillary permeability curves appear to be sat- 
isfactory and safe guides for the administration of thyroid hormone to 
the myxedematous patient with cardiac failure, for their change toward 
the normal apparently goes hand in liand with a restoration of electro- 
lytic, water, and nutritional balance within the tissues themselves. 

S. Cardiac enlargement in tlie patient with myxedema uncomplicated 
by congestive failure or hypertension was 7'arely observed in the grouj) 
of eases here studied. However*, serial examinations in Case 9, R. IV., 
afforded a comparison of tlio size of the cardiac silhouette before and 
after treatment. This patient had myxedema of severe degree and long 
standing which was complicated only by mild angina of effort. Tlio size 
of the heart, therefore, would be expected to reflect only changes .sec- 
ondary to the myxedematous state. On admi.ssion. .slight enlargement 
was noted (Fig. 7, *4), with a cardiothoracic ratio of 0.51. Just prior 
to discharge, one hundred seven days later, after adequate thyroid 
therapy, the cardiothoracic ratio rvas 0.48, Avith a frontal cardiac area 
of normal proportions (Fig. 7, B). The improvement appeared con- 
comitantly with stabilization of the patient’s condition clinically and a 
return to normal of the other laboratory data. There is much dispute a.s 
to the nature of the cardiac enlargement in uncomplicated myxedema, 
but LaDue'' has critically analyzed the problem in connection with a 
pathologic study of a patient who died with a “myxedema heart.” 
Histologically, the lesions were not distingui.shablc from those of several 
other conditions, but, therapeutically, changes in cardiac function in 
myxedema responded quite si)ecifiealh' to thyroid hormone. The slight 
enlargement detectable roentgenographically rvould appear to be due 
to the interstitial edema that has now been described by several in- 
vestigators.^'"' This concept receives support from the simultaneous 
disappearance of the abnormal changes in capillary permeability, the 
electrocardiogram, and the cardiac .silhouette of the patient whose data 
we have just presented. 

9, Therapy. The ill effects of initially high doses of thyroid (i.e., 
more than 0.5 grain daily) are illustrated nicely in Cases 1, 8, 9, It, 12, 
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of cardiac symptoms, and in four eases a smaller amount was used 
initially because of the patient’s unsatisfactory cardiac status. In the 
cases in which treatment was finally adequate, the dosages nccessai-v 
to keep the patients free of the symptoms of thyroid insufficiency varied 
fi'om 0.5 to 3 grains daily. 


CA,SE HISTORIE.S 

Case histories for the majority of our patients will be sununai'ized 
elsewhere.^- Below appear the detailed records of the three patients 
whose conditions have been utilized extensively for illustrative purposes 
in the correlation of data and illumination of disciussion. Case numbers 
hei’c and in Table I are in chronological relation to the .series as a whole. 

Ca.se 8 . — J. C., a 49-year-old white woman, was admitted to the hos- 
pital because of nocturnal “fits,” exertional dyspnea, and preeordial 
pain, the first two of several months’ duration, and the last mentioned 
occurring for several daj^s in conjunction with the dyspnea. The fits 
were described as left-sided “shaking spells,” each lasting fifteen to 
ninety minutes without loss of consciousness, as.sociated with vertigo, 
blurring of vision, spots before the ej'cs, and chattering of the teeth. 
For “more than a year,” the patient stated she had been unusually 
sluggish and had “felt hea^’y, big, and awlnvard.” I’or many years .she 
had felt weak, had been pale, and tired easily. 

Her father died at the age of 59 years of diabetes. She was one of 
seven siblings; two sisters “had heart trouble.” There was no family 
history of any thyroid disturbance or of unusual .skeletal development. 
She had had uncomplicated .scarlet fever at the age of 11 years, ma.s- 
toiditis which necessitated operation at the age of 37 vears. and pneu- 
monia at the age of 47 years. There had been vague “growing paiirs” 
in early life, but the patient had no knowledge of rheumatic fever or its 
complications. Her menses had begun at the age of 13 years, and had 
i-eeuiTcd irregularly until tire age of 15 years; each period lasted three 
or four days. Avith scanty flow'. There was complete ce.ssation until the 
age of 21 years, Avhen, after marriage, the mensti’ual flow returned at 
fairly regular intervals until the age of 25 years. Conrpletc amenorrhea 
followed the birth of her second child at that age. 

Physical examinatioir revealed a stoekily built, Avcll-jrouri.shed, 
nrerrtally aird physically sluggish Avonran Avlrose height Avas 59 inche.s; 
the loAA'er measurement AA'as 29 inehe.s, and her Avciglit aa'us 134 pounds. 
Her skin Avas pale, thickened, coarse, and dry. The supra-orhital, 
axillary, and pubic hair AA'rrs scanty, and that of the .scalp, eoar.se and 
dry. The facies aa'us mongoloid, AV'ith thick, heavy lips, slitlike orbital 
fi-ssures, puffine.ss of the eyelids, and loss of expi'e.ssion. The tongue 
Avas large arrd thick, and the nrouth Avas open a great deal of the time. 
The thyroid Avas readily palpable; the left lobe A\'as someAvhat uniformly 
enlarged, but of normal consistency. The Irmgs shoAved CA’idenee ot 
basal conge.stion. The heart aa'US enlarged, AA'itlr straightening of the leit 
border. There Avas a rumbling presystolic arrd systolic apical rmu’inur, 
Avith accentuation of the pulmonic second soirnd. The vcntrimrlar rate 
AA'as 72; the blood pressui-e, 112/SO. Her knee jerks AA-erc sluggish. Iso 
pathologic reflexes Avere elicited. The laboratory data on, or shoi-tly 
after, admission included a negative ruinalysi.s, negatiA'c blood WasAcr- 
marrn and Kahn reactions, arrd a basal metabolic rate of -39 per cent. 
The hemoglobin Avas 89 per cent, the erythrocyte couirt, 4,080,000 per 
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16, 22j and 24. In two instances (Gases 8 and 9) tlie dose Iiad to be 
adjusted at levels as low as 0.05 grain daily before cardiac distress could 
be avoided. 

In every ease, from the standpoint of treatment, the cardiac disturb- 
ance was given precedence over the hypothyroidism, but the patient’s 
condition was never fully satisfactory until both were treated. The 
imfavorable influence of the hypothyroid state upon cardiac function is 
well illustrated in Case 24 (M. P.). This patient, on the three hundred 
sixty-seventh day of observation, wms taken off her previously sat- 
isfactory regime of 3 grains of digitalis daily and 1 grain of desiccated 
thyroid substance daily. Signs of mi’-xedema were marked about sixty 
days later, but no evidence of cardiac failure appeared until two weeks 
after the myxedematous state had been established. .It would appear 
from this and other observations that we cannot improve the cardiac 
status by completely withholding all thyroid therapy. As a matter of 
fact, it is our opinion that the heart condition grows steadily- worse, 
despite routine measures, when this is done. Patient 16, G. P. (Pig. 3), 
affords another good example of this. Her mild right- and left-sided 
cardiac failure -was completely relieved by rest in bed and digitalis 
therapy, but the added cardiac load produced by the administration of 
as little as 0.1 grain of thyroid was suffleient to cause severe anginal 
distress. Later, these signs failed to make their appearance with 0.05 
grain of desiccated thyroid substance daily. Between the ninety-sixth 
and one hundred thirtieth days of treatment (Pig. 3), there was 
gradual improvement in the patient’s status, as reflected in increasing 
activity without cardiac signs, decreasing capillary permeability, and 
a slowly rising basal metabolic rate. There is reason to believe that 
the sudden increase in demands upon the heart which followed a sharp 
increase in the dose of thyroid to 1 grain daily was a precipitating fac- 
tor in her death from coronary occlusion. 

The experiences mentioned serve to emphasize the fact that the doses 
of thyroid must be small at first and very gradually augmented. The 
actual amount initially selected, the rate of increase, and the stabiliza- 
tion figure win depend upon many factors, but the age of the patient, 
the Imown duration of the disease, and the degree of demonstrable im- 
pairment of cardiac function are of primary importance. In view of 
the careful clinical and pathologic studies that have been made of the 
“myxedema heart, these points should need no emphasis. Yet, 
clinically, in our experience they are neglected features of therapy. 
The death of two patients (Cases 1 and 16) followed comparatively 
large initial doses of thyroid, or a too sudden, relatively large increase 
in the amount administered. Other patients showed severe aggrava- 
tion of symptoms when similarly treated. 

As a rule, a daily dose of 0.25 grain of desiccated thyroid substance 
was tolerated at the beginning of treatment. However, in two cases 
this amount had to be reduced considerably because of the aggravation 
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vei’ity. These sj’-mptoms began after an operation for “ruptured ap- 
pendix, ureteral stone, and dropped right kidney.” Hoarseness, dry- 
ness of the skin without tendency to perspire even in the siunniertiinc, 
and constipation had been present for several years. Palpitation, sub- 
sternal oppre.ssion, dj^-spnea, and swelling of tlie hands and face, in as- 
sociation with a gain of 10 pounds in weight, had been noticed by the 
patient and her family for four to five months. The patient had’ been 
variously treated through twelve .veal’s for p.sychoneurosis, anemia, 
“kidney disease ” and “female trouble.” 

Most of her earlier histor 5 '- was irrelevant. Her menses began at the 
age of I 2 Y 2 years, and had recurred regularly at twenty-eight-day inter- 
vals, mth a scanty flow lasting three days. Although she had been mar- 
ried for twelve j’ears, she liad never experienced normal libido or 
orgasm, and there had been no children although contraceptives had 
never been used. 

Her father died at the age of 72 years of carcinoma of the stomach. 
Her mother died at the age of 54 j’^ears of “heart trouble.” One brother, 
aged 42 years, had rheumatic heart disease. One sister, now aged 38 
years, has been operated on “for a goiter.” 

Physical examination revealed a pale, cooperative, intelligent, but 
slowly responding woman, 641/2 inches tall and weighing 137 pounds. 
Her skin and hair were dry, thickened, and coarse. The face was puffy 
and swollen, particularly about the eyes. Slight exophthalmos was 
present. Thyroid tissue could be palpated over the thyroid cartilage, 
but was decreased in amount. The lungs were normal. The heart was 
not enlarged. The apex beat was not visible or easily palpable. The 
- heart sounds were distant; no thrills or murmurs were present. The 
venti’ieular rate was 54, and the blood pressure, 98/78. The extremities 
were cold, dry, and myxedematous. 

Laboratory data on, or shortly after, admission included a negative 
urinalysis, negative blood Wassermann and Kahn reactions, a nega- 
tive eephalin flocculation, a negative dii’eet van den Bergh, and a basal 
metabolic rate of -46 per cent. The icteric index W’as 6.5 units, and 
the blood phosphatase, 2.2 Bodanskv units. Her blood sugar in milli- 
grams per 100 e.c,, fasting, and at lialf an hour, one and a half, two 
and a half, and three and a half hours after the ingestion of 100 Oin. 
of glucose, was 90, 155, ISO, 110, and 70, respectively. The total blood 
proteins were 7.87 per cent; the albumin fraction was 5.35 per cent, 
the globulin fraction, 2.50 per cent, and the albumin-globulin ratio, 
2.12. Other blood chemical values in milligrams per 100 o.e, wei’e: 
urea nitrogen, 12.1; creatinine, 1.1; phosphorus, 3.5; total cholesterol, 
544; free cholesterol, 200 (37 per cent). Her hemoglobin was 69 per 
cent. There were 3,630,000 erythrocytes and 6,350 leucocytes per cubic 
millimeter o£ blood. The pereentual partition of leucocytes was; poly- 
morphonuclear forms, 25; lymphocytes, 69; transitional fonns, 3; 
cosinophiles, 2; and basophiles, 1. Her circulation time was 24 seconds 
(fluorescein method). Her capillary permeability at twenty minuto.s 
wms 38 per cent above normal. Her electrocardiogram (Fig. 6) showed 
sinus bradycardia (rate 60), with veiy low voltage o£ all complexoa, 
T waves were absent from Lead I and inverted in Leads H and HI- 
Eoentgenograms of the skull, chest, wu-i.sts, gastrouitestinal tract, and 
biliary passages revealed no organic disease. The heart was slightly 
enlarged, with a eardiothoracic ratio of 0.51. 

Diagnosis. — lityxedema, with myxedema heart. 
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cubic millimeter, and the leucocyte count 6,500 per cubic millimeter, 
with a percentual differential count, of polymorphonuclear cells, 60 ; 
lymphocytes, 34; transitional forms, 2; and. eosinophiles, 4. On two 
occasions free hydrochloric acid was absent from the stomach contents 
after the administration of histamine ; the total acid was low, never risins,- 
above' about 10 imits. Fasting and hourly blood sugar levels in milli- 
grams per 100 C.C., after the oral administration of 100 Gm. of .glucose, 
were 95, 1.30, 143, 145, 93, and 95, respectively. The speed of sedimenta- 
tion of her erythrocytes (Westergren method) was 4 mm. in fifteen min- 
utes, and 39 mm. in an hour. In percentage, her total serum proteins 
were 7.38; the albumin was 4.74, and the globulin, 2.64, with an albumin- 
globulin ratio of 1.78. Her ictene index was 6.5 ; the cephalin floccula- 
tion test was negative ; the van den Bergh reaction was of the direct neg- 
ative type; and blood phosphatase was 3 Bodanslcy* imits per 100 cubic 
centimeters. Other blood chemical values in milligi*ams per 100 c.c. were : 
calcium, 10; phosphorus, 3.3; total cholesterol, 260; free cholesterol, 76 
(34 per cent) ; chlorides (as sodium chloride), 545; urea nitrogen, 14; 
and creatinine, 1.2. Roentgenograms of the slaill and wrist failed to show 
any bony abnormalities. Roentgenologic examination of the alimentary 
tract revealed no evidence of disease. There was enlargement of the 
cardiac shadow, with straightening of the left border (mitralization) . 
The electrocardiogram showed normal sinus rhythm, with an average 
rate of 64 per minute. The P-R inteiwal was prolonged to 0.24 second. 
There was low voltage of all complexes in each of the leads, with an 
Ro of 5 mm., no T wave greater than 0.5 mm., and mversion of Tg. The 
circulation time was 23 seconds (fluorescein method). The capillaiy 
permeability was 51 per cent above normal at the ten-minute interval. 

Diagnosis . — ^IMyxedema with ‘‘myxedema heart”; old, inactive rheu- 
matic heart disease with mitral valvulitis; generalized arteriosclerosis, 
most marked in the cerebral vessels; and tonic left-sided convulsions 
resulting from the combined effects of myxedema and cerebral sclerosis. 

Her course in the hospital is graphically depicted in Pig. 2. Her pul- 
monary congestion and anginal pain quickly subsided with rest m bed. 
She was then given desiccated thyroid substance in a dose of % grain 
daily for nine days, Avhereupon the angina pectoris returned. After a 
rest period of nine days, during which cardiac s.-ynuptoms again disap- 
peared, thyroid medication was resumed with a dose of % grain daily. 
This was gradually increased luitil, at the time of discharge, seventy- 
four days after admission, she was taking 1 grain daily without un- 
toward reaction. Her circulation time, blood cholesterol, and capillary 
permeability were normal. Her basal metaliolie rate was still low 
(-19 per cent), and her electrocardiogram was improved, with the ap- 
pearance of positive T waves and an increase in the height of the QRS 
complexes. From Pig. 2 it will be noted that a decrease in eapillaiy 
permeability went hand in hand with an increase in the basal metabolic 
rate ; the former change was greater and more dramatic than the latter. 
The circulation time returned to normal much more slowly. The patient 
was finally stabilized on II /2 grain of desiccated thyroid substance daily, 
with complete disappearance of generalized and cardiac signs of myx- 
edema. 

Case 9. — ^R. W., a 35-year-old, white married woman, was admitted 
to the hospital because of excessive nervousness, irritability, apprehen- 
siveness, “inability to accomplish things,” coldness, and belching after 
meals, ail of thirteen years’ duration and of gradually inereas?n«- se- 
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Other blood chemical values in milligrams per 100 e.e. were: urea 
nitrogen, 11; creatinine, 1; phosphorus, 2.3; total cholesterol, 4S0; and 
free cholesterol, 120 (25 per cent). The hemoglobin was 82 per cent; 
there were 3,140,000 erythrocytes and 12,200 leucocytes per cubic milli- 
meter of blood. The electrocardiogram showed rather marked left axis 
deviation and evidence of posterior wall infarction. Teleroentgeno- 
grams of the chest revealed slight enlargement of the heart. Later, 
after the cardiac condition was well compensated, but before thyroid 
therapy was begun, the circulation time was 16 seconds, and the capil- 
lary permeability at the end of ten minutes, about 151 per cent of 
normal. 

Diagnosis. — Myxedema; eoronarj’- sclerosis with coronary occlusion; 
generalized arteriosclerosis, probably with preexisting hj^oertension. 

Under digitalis, this patient’s cardiac failure disappeared rapidly, 
her pain ceased, and the basal metabolic I'ate dropped to -42 per cent. 
On the seventieth day of hospitalization, the administration of thyroid 
was begun Avith a dose of Mo gi'ain of the desiccated material daily. 
On the fourteenth day after it was begun, the patient complained of se- 
vere anginal pains; these cea.sed within two days after the drug was 
stopped. Seven da 3 ^s later, 0.05 grain daily was administered without 
ill effect, although tlie patient was allowed to be up and about the ward. 
Thirty-three days later, 1 grain of thyroid was administered daily. On 
the morning of the fifth day thereafter, the. patient developed severe 
preeordial pain and w'ent rapidlj* into shock. iVn electrocardiogram, 
taken the next day, showed evidence of a fresh eoronaiy occlusion. The 
patient died one daj’’ later. It is interesting and important that, al- 
though 0.05 grain of th 3 'Toid improved the extremely low basal metabolic 
rate and reduced the capillary permeability', it had no constant influence 
upon the circulation time or marked effect upon the blood cholesterol. 

SUytJI.VRY 

1. In my'xedema, variations in blood proteins are of no value in 
following the results of therap 3 '. 

2. In m 3 'xedema with cardiac failure, variations in the weight of the 
patient, his basal metabolic rate, and his circulation time ai-e of no value 
in ascertaining his th 3 ’roid status at any particular moment. 

3. When taken in conjunction with the initial level, i.e., before treat- 
ment, the total blood ehole.sterol has been a veiy reliable method of 
ascertainmg the degree of tlm-oid suffieicnc 3 ' in mv-xedema with cardiac 
failure, for it is uninfluenced b 3 ' the latter in the absence of signs of 
liver damage. 

4. An increase in capillary permeabilit 3 ' is a constant feature of ny'X- 
edema. A decrea.se from the initially' high permeabilit 3 ' is one of the 
earliest and most constant signs of imi)rovement. 

5. Th 3 rroid therap 3 ' must be used cautiously in myrxedema yvith cardiac 
failure. The dose should be sufficiently small to avoid an a.ggravatioJi 
of the cardiac phenomena, but, no matter how severe the failure is, some 
honnone should be used. An effort should be made to make the initial 
dose sufficiently large to effect a decrease in capillaiy permeability. 
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The cow/'se of this patient in the hospital' is shown gTaphicallj" in 
Fi". 4. In addition to the data there charted, her blood nroteins were 
followed serially, and there was a decrease to Ioav normal' le^mls as soon 
as thyroid therapy became effective. Free and ester fractions of choles- 
terol are not given in the graph because they 'were always pereentually 
normal. One-fourth grain of desiccated thyroid substance, begun on 
the seventh day after admission, produced a rather severe, exacerbation 
of her anginal pain, and not until it Avas reduced to %o gi’ain did this 
disappear. Later the dosage Avas sloAvly increased at approximately 
ten-day intervals, so that, sueeessivelj^ 0.1, 0.25, 0.50. 1, 2, and 3 grains 
Avere taken. As judged by the clinical observations, the capillary per- 
meability changes, the blood cholesterol levels, the circulation times, 
and the electrocardiograms, the patient’s myxedema disappeared on or 
about the fiftieth 'day after treatment Avas begun, and after she had 
received 2 grains of thyroid for five or six days. HoAvever, the basal 
metabolic rate was still extremely Ioav (-29 per cent), and the disease 
AAms not deemed to be controlled fully until 3 grains of thyroid had been 
used for approximately tivo- Aveelis, at the end of Avhicli time the basal 
metabolic rate Aims -12 per cent. It Avas not until this level of dosage 
Aims reached that she lost all of her gastrointestinal s.ymptoms and her 
vague aches and pains. Since her discharge from the hospital, her 
maintenance dose has remained at 3 grains daily. 

Case 16. — Cl. F., a 63-year-old, Avhite AvidoAV, Avas admitted to the 
hospital on the day of an attack later proved to be one of coronary 
occlusion. She had suffered intermittently from precordial pain for 
about two years, and had had a seAmre attack two months prior to admis- 
sion, Avhich had not, hoAvever, confined her to bed. For tAAm years she 
had noticed sensitiveness to cold, constipation, increasing hoarseness, 
dryness of the skin and hair, with absence of SAveating, and a sIoav, 
steady gain in Aveight. Her past and family histories Avere noncon- 
tributory. Her menses had begun at the age of 13 years, had occurred 
''monthly,” lasting four to five days, and had not been associated Avith 
clots, pains, or other distressing symptoms. She had been pregnant 
three times and had three children. Her menopause appeared spon- 
taneously and apparently asymptomatically at the age of 30 years. 

The patient was a moderately obese, rather apathetic person, com- 
plaining of precordial pain. Her Aveight Avas 146% pounds ; her height, 
60% inches; her temperature, 99° F. ; her pulse rate, 100; and her 
respirations, 28. Her skin Avas cold, diy, thickened, and tough. The 
hair Avas moderately coarse. The heart Avas enlarged to the left and 
doAvnAvard; the heart sounds Avere faint; and there were no thrills or 
murmurs. The blood pressure Avas 140/60, and remained near that level 
until her death, on the one hundred tAventy-seventh day after ad- 
mission. A fcAV moist rales could be heard at the bases of both lungs. 
The edge of the liver was palpated tAvo fingerbreadtlis beloAv the costal 
margin. There Avas generalized myxedema, but no evidence of pitting 
edema in any part of the body. 

On, or shortly after, admission, her urinalysis Avas negative ; her blood 
, AVassermann and Kahn reactions, negative; her van den Bergh, direct, 
negative; her icteric index, 5; her blood phosphatase, 7.7 Bodansky 
units; her cephalin flocculation, negative; and her basal metabolic rate, 
-24 per cent. The speed of sedimentation of her erythrocytes Avas 60 
mm. in fifteen minutes and 130 mm. in an hour O'^ekergreh method). 
The blood albumin, globulin, and total proteins Avere 4.73, 3.17, and 
7.90 iDer cent, respectively, Avith an albumin-globulin ratio of’ 1.48. 



ELECTKOCARDIOGEAPHIC STUDY OF DEFORiMITY OP 

THE CHEST 

AiUDO R. Adorxo, M.D., Asuncion, Paraguay, and 
Paul D. White, M.D., Boston, i\[ASS. 

C iYBDIAC signs and S 3 ^nptonls prodneed by eiiest deformity have 
been described largely by continental European writers. In 1S78, 
hypertrophy of the right ventricle in a ease of high-grade scoliosis was 
noted by Traube.^ Since then a large munber of articles have appeared 
in the French, Italian,'’ and German literature."'® The best piece 
of work among them was done in 1899 bj' Baehmann, who reported 197 
autopsy cases of scoliosis, most of ivhich showed right ventricular hyper- 
trophy and dilatation. In later years the role that this factor can play 
in determining cardiac failure has become more prominent in the English 
literature.^®'®® 

In spite of all these investigations we have only very scattered data 
from the electrocardiographic standpoint. The majority of investigators 
agree that a high percentage of patients with chest deformity show hy- 
pertrophy and dilatation of the right-sided cavities in so far as the 
pathologic examination is concerned, but relatively few clectrocavdio- 
gi*ams have been mentioned. These have shown right axis deviation 
or a tendency toward it.^®’ ®® Edeiken’® took electrocardiograms of 
eighteen otherwise unseleetcd patients with deformed chests and re- 
ported that “except for axis deviation the tracings were normal in 16 
instances.’’ 

PRESENT STUDY 

In order to obtain more adecpiate information than now exists con- 
cerning the effect of chest deformity, as such, on the electrocardiogram, 
we have studied one hundred deformed patients. We have purposely 
avoided patients with obvious cardiac damage, myocardial, valvular, 
or pericardial, lloreover, wo have selected patients without pulmonary 
disea.se which might add an extra strain on the right side of the heart, 
in addition to that due to the deformity of the chest itself. Under 
these conditions we believe that the electrocardiograjihic abnormalities 
which we have found have not been inlluenced by heart or lung disease 
per se. 

We selected cases of young per.son.s, mostly between 15 and 25 yeai'S 
of age, with normal blood pressure and without rales at the bases of 
the lungs, constant heart murmurs, gallop rhythm, engorged jugular 
veins, increased liver volume, or pitting edema. We found that some 
s.vmptoins, such as slight or mild dyspnea on effort, arc not reliable clues 
of myocardial reserve because of the great diminution of the vital 
capacity in mosl. of our cases. 

.xVlso, we carried out roentgenologic studies of the heart and lung.s, 
looking for any definite partial or total enlargement of the Jieart and 
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' 6. Satisfactoiy; initial daily doses of thyroid hormone, as desiccated 
. thyroid substance, have ranged from 0.05 to 1 grain. In thirteen eases, 
statiilization was attained through tlie daih^ use of amounts varying from 
: 0.5 to 3 grains. , 
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Tahlk I 


NUilBEP- 

AGE 

(YR.) 

TYPE OF DEKOKiriTY 

VITAI, 

CAPACITY 

(PERCENT 

OP 

NOKMAIi) 

AXIS 

SITTING 

DECREES 

AXIS 

UK- 

PUJIllENT 

DITaiERS 

1. E.A". 

14 

Eight dor.oal, left lumbar 

42 

45 

.32 

2. AL AI. 

24 

Eight dorsal, left lumbar 

20 

90 

80 

H. A. 

13 

Right dorsal, left lumbar 

36 

110 , 

10.3 

4. P. V. 

12 

Total loft 

43 

52 

30 

5. E.W. 

22 

Right dorsal, left lumbar 

39 

56 

4.8 

6. D.E. 

25 

Right dorsal, left lumbar 

132 

33 

:)3 

7, G. T. 

15 

Right dorsal, left lumbar 

38 

32 

,30 

8. J.AIcC. 

14 

Right dors.al, left lumbar 

81 

92 

SO 

9. C.B. C. 

13 

Right dorsal, left lumbar 

68 

87 

80 

10. E.B. 

24 

Right dorsal, left lumbar 

42 

20 

23 

11. AV.D. 

19 

Kyphosis 

68 

43 

5.3 

12. L.P. 

15 

Left total 

52 

85 

85 

1.1. B. E. 

15 

Right dorsal, left lumbar 

35 

90 

90 

14. E. S. 

13 

Right dorsal, left lumbar 

92 

So 

70 

15. A.AI. 

26 

Right dorsal, left lumbar 

32 

20 

25 

16. ALP. 

19 

Right dorsal, left lumbar 

66 

90 

S5 

17. .T.S. 

14 

Left dorsal, right lumbar 

68 

68 

60 

IS. G.G. 

13 

Right dorsal, left lumbar 

78 

30 

30 

19. A.R. 

20 

Eiglit dorsal, left lumbar 

46 

70 

05 

20. AI.D. 

92 

Riglit dor.'sal, left lumbar 

35 

92 

SO 

21. R. P. 

2.1 

Loft dorsal, right lumbar 

61 

12 

12 

22. P. AL • 

20 

Loft dorsal, right lumbar 

71 

60 

00 

23. XT. 

19 

Kyphosis 

42 

50 

.3/1 

24. .T.H. 

25 

Riglit dorsal, left lumbar 

i)() 

95 

100 

25. ALE". 

14 

Right dorsal, left lumbar 

52 

120 

120 

26. L.P. 

IS 

Right dorsal, left lumbar 

64 

30 

30 

27. L. K. 

19 

Right dor.«al, left lumbar 

47 

116 

110 

28. R. AIcE. 

14 

Funnel chest 

47 

70 

72 

29. E. S. 

15 

Left dor.‘-al, right lumbar 

85 

60 

58 

30. AI. C. 

25 

Right total 

97 

62 

00 

31. B. G. 

14 

Kyphosis 

82 

68 

56 

:52. AT. G. 

17 

Left dor.^al, right lumbar 

9t) 

48 

30 

33. A.R. 

23 

Right dorsal, left lumbar 

53 

92 

90 

34. A.P. 

14 

Lch dorsal, right lumbar 

28 

44 

06 

35. XC. 

22 

Left dorsal, right lumbar 

37 

Di> 


36. n.E. 

20 

I.eft dorsal, right lumbar 

100 

70 

00' 

37. LA. 

22 

Right dorsal, left lumbar 

65 

90 

90 

38. A.E. 

19 

Left dorsal, right lumbar 

45 

40 

.30 

.19. 1). I^ 

15 

lAif'x dorsal, right lumbar 

(iS 

15 

.30 

40. E.K. 

20 

Right dorsal, left lumliar 

66 

78 

70 

41. ALAIcX. 

12 

Left dorsal, right lumbar 

47 

52 

.30 

42. P.DeX. 

15 

Right dorsal, left lumbar 

40 

60 

90 

43. ALAIcK. 

41 

Right dorsal, left lumbar 

52 

50 

60 

44. E.BeP. 

S 

Funnel (■lu'^t 

42 

30 

30 

4.}. X.C. 

17 

Right dor.sal, left lumbar 

91 

58 

38 

46. L.G. 

13 

Right dors.al, left lumbar 

61 

120 

lb' 

47. .T.AL 

IS 

Right dorsal, left lumbar 

40 

50 

GO 

48. as. 

17 

Left dorsal, right lumbar 

69 

.36 

6;' 

49. A.B. 

22 

Left total 

97 

56 

60 

50. A. S. 

14 

Left dorsal, right lumbar 

90 

Oi> 

70 

51. E.AV. 

20 

Right dorsal, left lumbar 

61 

65 

57 

52. B. P. 

10 

Right dor.sal, left lumbar 

72 

55 

'Oft 

53. B.AL 

30 

Left dorsal, right lumbar 

115 

18 

30 

54. ALS. 

17 

Right dorsal, left lumbar 

66 

68 

63 

5.1. N.AV. 

57 

Left dorsal, right lumbar 

30 

-12 

-12 

56. ALK 

24 

Riglit dorsal, left lumbar 


70 

70 

5 1 . A- Tv, 

15 

Right dor.'al, left lumbar 

75 

110 

10.3 

5S. XX. 

14 

Right dor.sal, left lumbar 

•S2 

90 

90 

59. E. K. 

19 

Left total 

49 

62 

40 
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also for pulmonary fibrosis or emphj'sema that might be detected by 
this procedure. The limitations of roentgenologie examination of the 
heart in chest deformities must, however, be kept in mind. 

After exclusion of heart and lung disease by the patient's history, 
physical examination, and roentgenologic observations, the vital capacity 
was measured and the electrocardiogram was taken. The standard limb 
leads and chest leads CFo, CP.i, and CF^ in the sitting and recumbent 
positions were recorded on each patient. 

RESULTS 

The observations that we made from the routine examination of these 
selected patients are as follows : 

There were seventeen patients with an electrical axis of between 80 
and 95 degrees toward the right, two patients with left -axis deviation, 
and eighty-one patients, the great majority, with a normal electrical axis 
(Table I). 

When the axis was studied in persons witli a marked decrease in the 
vital capacity, the percentages changed slightly. Thirty-two patients 
with less than 50 per cent of normal vital capacity were observed from 
this point of view, and the distribution ivas as folloivs : 25 per cent 
toward the right, 3.4 per cent toward the left, and 71.6 per cent normal. 
We did not find a close relationship between the vital capacity and the 
electrical axis. In the group with less than 50 per cent of normal vital 
capacity, with the proportion of right axis deviation slightly increased, 
we found one case with 38 per cent of normal vital capacity and an axis 
of 32 degrees, and in another, with 30 per cent of normal vital capacity, 
the axis was -12 degrees. 

Then we tried to correlate tlie electrical axis with the curve of the spine. 
There were sixty-seven patients with right dorsal, left lumbar scoliosis 
- (Group 1), nineteen with left dorsal, right lumbar scoliosis (Group 2), 
five with the convexity entirely to the left (Group 3), one with the con- 
vexity entirely to the right (Group 4), six jiatients with predominant 
lyphosis (Group 5), and two with funnel chest (Group 6). 

, In our first group, 26.8 per cent of the patients had deviation to- 
ward the right and 73.2 per cent were normal. There were none with 
deviation toward the left. In the second group, 15.6 per cent were to- 
ward the left and 84.4 per cent were normal. There ivere none toward 
the, right. In the third group Ave found 100 per cent with normal axes. 
In the fourth, the only patient in the group had a normal axis. In the 
fifth group (kyphosis) there were 100 per cent with normal axes, and 
in' the last group both patients had normal axes. 

Because we observed that in thirty-one instances the axis shifted to- 
. ward the right instead of to the left Avhen the patients changed from the 
sitting position to recumbency, we tried to correlate these observations 
Anth the type of the deformity, but AAm did not find any relationship 
Avitli either the build or the vital capacity of the patients, 
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tweiity-tliree cases (six males and seventeen females). Among tiie;>e pa- 
tients, nine were less than 15 yeai-s old and fourteen were 15 years or 
more. The mean age was 16.3 year’s. Tlie observations were as fol- 
lows. T in OFj inveited seven times in the sitting position and seventeen 
times in recumbency ; T in CP^ inverted three times in the sitting posi- 
tion and three times in recumbency; T in CP^ inverted twice in the sit- 
ting position and once in recumbency. 

The following are the histories and electrocardiograms of two interest- 
ing patients. 


L£^PS 


/. 




3 . 



lA 

Surmcr PoSlTlOf/ 


/B 

8SCL/MBE//CY 


Fis. 1. — EIectroca.rdioKr.ini3 of Case 1, E. S. 


Ca.se 1. — The first, E. S., was a 15-year-old schoolgirl who came to 
the hospital with the chief complaint of deformity of the chest. This 
abirormality was first noted when she was 5 years old. ifer mother 
therefore took her to the Children’s Hospital in Boston, where roent- 
genologic studies z’evealed one hemidorsal vertebra causing seolio-sis. 
The patient was treated for a number of years with exercises, and hfcs 
recently been placed in a plaster cast. 

Past History . — Measles and chicken pox. No other disease. No hh- 
tory of rheumatic fever. No operations. Very active and athletic. 
No cardiac, respiratory-, or ga.strointcstinal complaints. 

Family History. — No family history of any similar or other deformity. 
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XU.MBKR 

AOB 

(YR.) 

TYPE OP DEPORMITY 

VITAL 

capacity 

(per CENT 
OP 

NORMAL) 

dVXLS 

SITTING 

DEGREES 

AXIS 

RE- 

CUMBENT 

DEGREES 

60. A. 0. 

19 

Right dorsal, left lumbar 

65 

90 

90 

61. :E. G. 

14 

Right dorsal, left lumbar 

59 

56 

42 ■ 

■62. E.S. 

14' 

Right dorsal, left lumbar 

80 

81 

78 

. 63. A.D. 

15 

Right dorsal, left lumbar 

81 

7.5 

' 82 

61. R.W. 

1.5 

Kyphosis 

26 

76 

76 

65. R. M. 

18 

Right dorsal, left lumbar 

29 

43 

41 

66. H.H. 

21 

Right dorsal, left lumbar 

75 

00 

53 

67. M.D. 

.19 

Right dorsal, left lumbar 

30 

30 

20 

68. R. C. 

16 

Right dorsal, left lumbar 

■ 72 

72 

55 

69. I. S. 

13 

Left dorsal, right lumbar 

93 

30 

40 

70. A. B. 

17 

Right dorsal, left lumbar 

SS 

87 

90 

71. G.M. 

26 

Right dorsal, left lumbar 

89 

IS 

48 

72. H.B. 

13 

Right dorsal, left lumbar 

47 

70 

oo 

7.3. L.B. 

11 

Right dorsal, left lumbar 

45 

00 

So 

74. Y.T. 

17 

Eight dorsal, left lumbar 

73 

70 

74 

75. G.F. 

22 

Tv3'^phosis 

62 

85 

70 

76. L.L. 

22 

Right dorsal, left lumbar 

56 

40 

62 

77. E.P. 

22 

Right dorsal, left lumbar 

49 

50 

60 

78. A. C. 

15 

Right dorsal, left lumbar 

71 

48 

53 

79. J.F. 

20 

Right dorsal, left lumbar 

43 

82 

SO 

SO. M.O’C. 

15 

Left total 

84 

30 

30 

81. H.E. 

23 

Right dorsal, left lumbar 

94 

6 

6 

82. F.D. 

•14 

K}’phosis 

110 

76 

S2 

83. C. S. 

12 

Right dorsal, left lumbar 

54 

30 

30 

Sl.-P.N-. 

14 

Right dorsal, left lumbar 

93 

78 

70 

85. A. H. 

17 

Right dor.sal, left lumbar 

SO 

19 

79 

, 86. M. F. 

17 

Right dorsal, left lumbar 

84 

52 

58 

87. E. St. I. 

14 

Right dorsal, left lumbar 

S3 

66 

73 

S8. JI.O’C. 

39 

Right dorsal, left lumbar 

73 

38 

4i} 

89. P. K. 

16 

Left dorsal, right lumbar 

107 

—o 

-18 

90. B, H. 

15 

Right dorsal, left lu:nbar 

62 

113 

108 

91. L.P. 

20 

Right dorsal, left lumbar 

30 

30 

36 

92. B. F. 

17 

Left dorsal, right lumbar 

59 

68 

5(5 

93. A. B’E. 

22 

Right dorsal, left lumbar 

S(5 

27 

30 

94. E. K. 

16 

Right dorsal, left lumbar 

93 

90 

SO 

95. .T.O. 

18 

Left dorsal, right lumbar 

93 

38 

49 

96. V. 0. 

13 

Right dorsal, left lumbar 

57 

50 

42 

97. R. L. 

17 

Right dor.sal, left lumbar 

95 

75 

70 

98. H.P. 

23 

Right dorsal, left lumbar 

94 

35 

40 

99. M. T. 

16 

Right dorsal, left lumbar 

83 

41 

45 

100. G.M. 

n 

Eight dorsal, left lumbar 

59 

(lO 

72 


In considering the P wave, we observed that this deflection was either 
peaked or notched, or botli at the same time, in thirty -two instances in 
Lead II, in five in Lead I, and in nineteen in Lead III. The height was 
no more than 2 or 3 nnn., but the shape was very similar to that of the 
P waves in mitral stenosis or congenital heart disease. 

With regard to the QRS deflection, we noticed that, in spite of the 
duration, which was not more than 0.10 second, it was frequently slurred 
or notched; the height was more than 5 mm. in the limb leads and 10 
mm. in the chest leads. 

In the S-T segments no significant changes were found. 

So far, as the T waves are concerned, nothing abnormal was foimd 
in tJio limb leads. In the chest leads the T waves were inverted in 
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Past History . — Only chicken pox. No history ot rhenraatie fever. 
Eare sore throat. For several years he had had slight dyspnea on ex- 
ertion, without cough or hemoptysis. 

Family History. — Irrelevant. 

Physical Examination . — ^Patient had a marked left dorsal scoliosi.s, 
with marked high thoracic Icyphosis. Heart: apex impulse felt in fifth 
intercostal space, 1 cm. inside the midelavieular line. Sounds regular, 
of good quality. No muimurs. The pulmonary second sound was louder 
than the aortic second. Blood pressure, 123/75. Lungs negative. Liver 
not tender and apparently not enlarged. Roentgenologic, examination 
showed nothing particularly wrong with the heart. 

At this time a spinal fusion was performed, and since then has he- 
eome .stabilized. 

An electrocardiogram in the sitting position (Fig. 2, A) revealed 
normal rhythm, a rate of 58, a P-R interval of 0.18 second, slight eleva- 
tion of S-Ti, 2 , upright and pointed T^, . 2 , and a rather isoelectric T^. 
In the chest leads there were an inverted T in CF.^, a diphasic T in CP^, 
and an upright T in CF^. In recumbency, became lower and T. 
higher, the T in CF 2 and CF^ more deeply inverted, and the T in CP.-, 
upright (Fig. 2, E).' 


DI.SCUSS10N 

The deviation of the axis according to the type of the spinal curva- 
ture can be explained by the roentgenograms which we observed in our 
patients. We have .seen that, with right convex scoliosis, the heait 
is shifted to the left and the left border appears straightened, which 
Roesler calls “mitral configuration.” With the less frequent left con- 
vex scoliosLs, the heart is shifted to the right and the aortic .shadow ap- 
pears widened. The same picture, but less marked, was presented by 
the patients with right total, and left total, curvature, respectively. 
In kyphosis we did not find any striking difference from the normal, 
although sometimes the heart lay in a horizontal position. We made out 
no abnormality in the roentgenograms in our cases of fminel chest. 
Nevertheless, in two cases especially, which we do not diseu.ss here be- 
cause of associated congenital heart disease and probable arachnodactyly, 
there was a very marked shift of the heart toward the left. 

The great preponderance of cases of normal axis in scoliosis can be 
explained by (1) displacement of the whole heart without rotation on 
its anteroposterior or longitudinal axis, such as is likely to occur in 
funnel chest, or (2) rotation around the longitudinal axis, which could 
compensate for the rotation around the anteroposterior axis. The ef- 
fect of rotation of the heart about the longitudinal axis has been studied 
by two groups of investigators. Boden and Neukirch-^ found that ro- 
tation of the isolated peiTused heart about the long axis to the left re- 
sulted in a tendency to right preponderance, whereas rotation to the 
right gave opposite effects. On the other hand, IMeek and Wilson-* 
found that displacement of the heart to the right or the left u.sually 
caused a combined rotation on both axes, and produced electroeardi- 
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Fhysiml Examination. — Well-developed girl with a conspicuous left 
dorsal scoliosis. The right lumbar scoliosis was not veiy marked. Her 
reflexes were normal. The heart was not enlarged and there were no 
murmurs. Blood pressure, 110/70. Lungs noimal. 

An electrocardiogram in the sitting position .(Pig. 1, A) revealed 
slight sinus arrhythmia, an average rate of 80, a P-E interval of 0.14 
second, normal axis, prominence of and Q^, slight late sagging of 
S-T3, and upright T waves in Leads I, II, and III. In the chest leads 
there were diphasic T waves in CFo and late inversion of the T waves 
in CP4 and CF^. In recumbene3’- the electrocardiogram (Pig. 1, B) 
showed marked sinus arrhjThmia and an average rate of 75. had 
. disappeared and Q3 was not nearh>- so prominent. The T waves in Leads 
II and III had become more upright and pointed. In the chest leads, 
T in OF, had become more upright, T in CP^ less inverted, and T in 
CP3 upright. 



SLA- 

fdSiTfo^ 


^ & 


Fig. 2. — Electrocardiograms of Case 2, J. T. 


_Case 2.— In January, 1942, a 19-year-oid, single man, J. T. was 
aamitted to the hospital because of curvature of the spiiie * This 
^prvature was first noted at the age of 10 years, and had become pro- 
nSroim entered because of attacks of pain in the lower 

in natS? shooting 
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ograpMc changes whielx cannot be predicted because of the opposing 
effects of simnltancons rotation around tlie longitudinal and antero- 
posterior axes. 

So far as the literature about eases of piilmonoeardiae failure as a 
result of spinal deformities is concerned, the frequency of right axis 
deviation is much higher than in our series, which is. presented without 
regard. to the type of curvature. It is logical to believe that the atelec- 
tasis, sclerosis, and superimposed infections which frequently super- 
vene in these cases of long standing throw an increasing strain on the 
right side of the heart, producing a tendency of the axis to lean toward 
the right. Thus, the real axis produced by the deformity itself is over- 
lapped by the additional factors which finally give the picture of chronic 
cor pulmonale. The high proportion of inverted T waves in Lead CF^ 
in our eases can be explained by the fact that we have more eases with 
right dorsal, left lumbar scoliosis ; this increases the possibility that we 
actually have the GPi pattern, instead of CP., in spite of the standard 
location of electrodes. 


SUMMARY AND CONCLUSIONS 

We have carried out electrocardiographic studies in one hundred cases 
of chest deformity without evident cardiac or pulmonary disease. 

■ The results were as follows : 

1. In right dorsal, left lumbar scoliosis, right axis deviation was pres- 
ent in 26.8 per cent of the eases, and a normal axis in 73.2 per cent. 

2. In left dorsal, right lumbar scoliosis, left axis deviation was pres- 
ent in 15.6 per cent of the cases, and a normal axis in 84.4 per cent. 

3. In total left or right scoliosis, in kyphosis, and in funnel chest, all 
the patients presented a normal axis. 

The great percentage (80 per cent) of normal axes in the whole group 
is explained either by a total displacement of the whole heart, with- 
out rotation, or by combined rotation on both longitudinal and antero- 
posterior axes, with neutralization because of their opposing effects. 

The T waves were normal in limb leads but inverted in a minority 
of the cases in the precordial leads, varying somewhat with the position 
of the patient ; this is to be ascribed, in part at least, to the unusual re- 
lationship of heart position to the external landmarks of the thorax. 

The authors ^YOuld like to express their appreciation to Miss Deborah Hanson 
and Miss Louise Wheeler of the Cardiac Laboratory of tlie Massachu.setts General 
Hospital for their help in the preparation of this paper. 
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AURICULAR PREMATURE SYSTOLE 


I. Aberration op the Ventricular Complex in the 

ELECTROCARDIOGRAil 


Kurt Berliner, M.D., .ind Leon P. Lewithin, M.D. 

New York, N. Y. 

A uricular premature s 3 'stoles are characterized, iu the electro- 
cardiogram, by premature auricular (P) waves of abnormal con- 
tour. Their ventricular deflections (QRS-T complexes) may be 
identical with those of the normal beats or may differ from them. If 
they differ, we speak of “'aberration.” The term was introduced by 
Lewisfl and the abnormality of the ventricular complexes was attributed 
by him "to deficient conduction along certain tracts of the junctional 
tissues.”- The literature contains no satisfactory explanation of 
aberration, and, in general, little importance has so far been attached 
to it. It seemed to us that so tangible an electrocardiographic finding 
might have greater significance. It might, for instance, be found to 
reflect definite pathologic changes in the heart ; in that event, it would 
yield information not heretofore obtainable from the electrocardiogram. 
With that possibility in mind, we decided to study the iflienomenon of 
aberration. Our investigation aims at establishing its relative fre- 
cpiency and some of the factors Avhieh determine its occurrence. It 
includes a correlation of clinical and electrocardiographic observations. 
This correlation attempts to demonstrate the clinical significance of 
aberration. 

MATERIAL AND METHOD 


The electrocardiograms of 201 patients were collected. Each electro- 
cardiogram consisted of the three standard leads and one chest lead, 
WP, except for 76 older electrocardiograms in which no chest lead was 
taken. In two cases, on the other hand, two chest leads, CPo and CP.i, 
were taken. The length of each lead strip was 25 centimeters. Many 
patients exhibited APS'^ in more than one record, but only one record 
was used for analysis (except in the clinical part of our study). Each 
electroeardiogram was first inteiT>reted ; next, a count of the number of 
APS per lead was taken; then, each APS was analyzed as to the 
degree of prematurity (its location in relation to the preceding normal 
beat). The following terminology was introduced for purposes of 
classification : 


Location I (late APS) ; The P Avave of the APS does not touch the 
T wave of the preceding beat (Pig. 2, A and B ; Pig. 11 
B, xo). 


From the Department of Cardiolos>', Sydenham Hospital, New York, N. Y. 
Received for publication June 24, 1944. 


. APS will be used as an abbres'iation 
this paper. 


for auricular premature systole throughout 
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fi'equent than ^iPS witliout aberration. Besides being raver, APS 
without aberration are also more easily overlooked (Pig. 2). They 
may be particularly inconspicuous ii' all the P waves of the respeetivo 
lead are of low amplitude. Furthennore, they may occur late in diastole 
and may then be so spaced that the distance from the preceding normal 
beat looks almost normal (Pig, 2, .^i). In other cases, the disturbance of 



Fig. 1. — ,V four-lead ulectrocardiograni. Aberration of the APS is most niarked In 

tlie cliest lead. 


rhythm may bo easily recognized, but may be misinterpreted as sinus 
arrhythmia (Pig. 3).® 

Aberration of RS-T or of T Only (FUj. d ). — The QRS comple.vcs of 
APS may be identical with those of the noinnal beats, but the KS-T sog- 

•Sinus arrhythmia is the result of an increase in vagal tone : tlio deveiopment of 
APS al.so appears to be favored by an Increase in vagal tone. Sinu.s arrhytlimla ana 
APS may, tiierefore, coexist. If .sucli APS lack aberration, tlie differentiation betwcfn 
tlJC two condlUons may be diilicult. In that case it may be udviHublc to take weycrai 
chest leads; in one of the chest leads, the ventricular coniple.xe.-j, or tlie r watcJ 
only, may show aberration, and tliua e.stabli.sh tlie dlagnosl.s of APS. 


BERLINER AND LEWITHIN : AURICULAR PREMATURE SYSTOLE 451 

Location II . (fairly late APS): The P Avave of the APS barely 
touches the descending limb of the T Avave of the preced- 
ing beat (Fig. 1; Pig. 11, B, Xx). 

' Location III (moderately early iVPS) : The P waA^e of the APS 
is superimposed on the deseendmg limb of the preceding 
T AvaA^e (Fig. 2, C; Pig. 8, C). 

Location IV (early APS) : The P AvaA^e of the APS is superimposed 
on the ascending limb of the preceding T Avave (Fig. 9, B ; 
Pig. 11, A, a'o). 

Location V (very early APS) : The P Avave of the APS is super- . 

imposed on the preceding IIS-T segment close to the QRS 
complex (Fig. 8, A). 

TAventy-nine records exhibited only one APS per record. One hundred 
scA'cnty-tAVO, hoAA^ever, shoAved tAvo or more APS per record. Of the 
latter, tAventy-tAvo shoAved that all of the APS Avere of the same location. 
These APS Avere classified by us as being of one and the same type. 
One hundred fifty records shoAved multiple APS of varying location, 
and these Avere classified by us as APS of different types. To give an 
example: If one record contained three APS, one of location I, an- 
other of location III, and a third of location V, the APS Avere classified 
as of three different types. The total number of APS counted by us 
Avas 1,306 ; the number of different types found Avas 525. 

Our patients varied in age from 2 to 83 years. Thirty-six patients 
died during the period of observation; post-mortem examinations Avere 
performed on thirteen of these. The clinical charts of all patients Avere 
analyzed for diagnosis, and evidence of cardiovascular disease, if found, 
AA^as carefully noted. 

Frequency of Aberration. — The literature contains conflicting state- 
ments concerning the frequency of aberration. AVliite,^ White and 
Stevens,^ and Carter° estimate that “about half the cases that sIioav 
auricular premature beats shoAV also varying abnormality of spread of 
excitation Avave through the ventricle.” Pardee,® on the other hand, 
states that the ventricular complexes of auricular premature systoles 
are “always slightly different from the other ventricular complexes of 
the record,” and he points out that “this difference is evident in 
records shoAving the auncular premature beats in three leads ; the curve 
may be but little changed in any one lead, and yet quite a variant in 
. the other tAvo. ’ ’ Our oavii observations shoAV definitely that aberrant 
A^entdeular complexes are much more frequent than normal ones. Of 
our 525 different types of APS, eight Avere blocked, i.e., they had no 
ventricular complexes at all. Of the remaining 517 types, 137, only a 
little more than one-fourth, shoAved no aberration at all (Table I). The 
figure 137 Avould have been still smaller, and the percentage of APS 
shoAving aberration still greater, if all of our records had included one 
or more chest leads. This Avould have been so for tAAm reasons : first, 
^vith a larger number of leads the probability that aberration Avould 
appear Avould have been greater;® second, chest leads, as such, often 
magnify aberration, and thereby aid in recognizing it (Pig. 1). In any 
event, our analysis shoAvs that APS AAuth aberration are much more 
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The most frequent single change was increase or decrease in tlie amplU 
tilde of QES (Pig. 6, A). It occurred, iinaceompanied by other changes, 
in 79 of the 517 types of APS. The increase or decrease in height was 
usually slight, yet greater than the amplitude variations of normal 
beats; it often greatly aided in the recognition of the APS. lu the chest 
leads, amplitude variations of APS ivere usually greater than in the 
limb leads. Vei*y marked amplitude change.s rarely occurred alone, but 
were usually associated with changes in the duration, configuration, or 
direction of the QRS eomple.Kes. Frequently the total amplitude was 
the same as that of the normal beats, but the R waves wore lower and the 
S waves deeper, or the R waves taller and the S waves le.ss deep; I his 
occurred as the only aberration in 35 of 517 types. 



Fig-. 3. — -VI’S simutating sinus arrhytlmiia (two ca.se.s). 



Fi'k. {.—An AI^S wltli aberraUon limitc-a to the RS-T .sesment and T wave. 


Changes in the direction of QKS wei-e never found .done, but alway.s 
in conjunction with change.s in amplitude, duration, or configuration, 
which ]>roduced the more marked degi-eos of aberration (Fig. (i, if). 

Changes in the duration of the QRS complex were seldom found alone, 
vk.. in only ten of 517 types, and were then usually minor (Fig. G,C). 
The major changes in duration again were found only in conjunction 
with changes of amplitude, configuration, oi- dii’ection. 

Changes in coniigui-ation were more common (Fig. (J, D). Slurring or 
notching in the QRS complex of the APS as the only sign of aberration 
occurred in 42 of the 517 types. The more marked degrees of .sluiTing 
or notching were usually as.sociated with otiier changes, cspeeiull.v with 
changes in amijlitude, or with changes in amjjlitude, duratiotr, and 
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nients or the T waves, or both, may be aberrant. In onr series, 43 of 
the 517 t}'i)es showed this form of limited. abeiTation. Not infrequently, 
the' aberration of the T waves presented itself in the chest lead only, 
which is probably due to the fact that in chest leads all T waves are 
usually larger, and deflections of the RS-T segment are normally more 
pronounced than in the limb leads (Fig. 5). The more widespread 
use of multiple chest leads vnll undoubtedly increase the number of 
'APS discovered electroeardiographically. 



j’ig. 2. — APS "svithout any aberration (four cases). 


The T-wave- aberration in limb leads or chest leads consisted of an 
increase or decrease in the size of the T wave, a change in its shape, 
rarely a change in its direction, or a combination of these changes, with 
or without elevation or depression of the RS-T segment. 

Aherration of QBS . — ^In the majority of APS, 337 of the 517 types, 
aberration of the QRS complexes was present. This varied in degree 
from slight changes in amplitude to marked changes in height, dura- 
tion, configuration, and direction, resulting in truly bizarre complexes. 
Aberration of QRS was, as a rule, associated with aberration of T, and 
there was usually parallelism in the degree of both changes. 
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Fig. G. — First and second degree aberration oC APS (four cases). A, Change In 
amplitude of QRS (first degree aberration). B, Change in direction of QilS. lieru ac- 
companied by a change in configuration (second degree aberration). C, Change in 
duration of QRS (first degree aberration). Change in configuration of QKS (first 
degree aberration). 



7. — Second degree aberration of AI-’S (four ca.ses). .1, Ciumge in anudllufi® 
and configuration of QflS. if. Change in anipiitudo .and duration of QRJ’- , J'' 

In duration and configuration of QltS, B, Change in configuration of Qllh , 

P. is of Iiigher. S of lower, amplitude. 
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dil’eetion. Another change in configuration occasionally found was the 
appearance (or disappearance) of a Q wave. This occurred as the only 
clemonstrable aberration in 13 of 517 types. , 

Siglier Degrees of Aberration.— The higher degrees of aberration 
were less frequent than the lower (Tabic I). For purposes of com- 
pafisQH ^ve grouped all types of APS with only one hind of change. 
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Piff. D.- 


-A four-lead electrocardiogram. Little aberration of the APS in the limb 
leads, definite aberration in the chest lead. 


either amplitude, duration, or configuration, and called the group ‘ ‘ first 
degree aberration.” There were 179 types in this group. The group 
‘‘second degree aberration” (Pig. 7), which was characterized by two 
changes, namely, amplitude and configuration, comprised 86 tj’qies. The 
next group, “third degree aberration” (Pig. 8), with a combination of 
three elianges, namely, amplitude, configuration, and direction, was still 
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10) increases the likeliliood tliat these APS may be mistaken for veu- 
tinculai* premature systoles (VPS).^ The distinction between such ^VPS 
and VPS may be of more than academic importance. For one thiii^L 
the patient may be receiving digitalis, and the mistaken interpretation 
of the bizarre APS for VPS may lead to the suspicion of toxic digitalis 
effect. That suspicion would not arise if the auricular origin of the 
})izarre premature systoles were recognized, for digitalis does not cause 
jVPS. a second, and equally serious error may result if bizarre APS 
coexist wdtli VPS. In that case, a bizarre APS may simulate a VPS 
arising from a different focus. Since multifocal VPS indicate myo- 
cardial damage, the misinteiqu’etation may lead to a wrong diagiiosi.s 
(Pig. 10). 



Fig’. 9. — Fourtli degree aberration of APS (four cases). All four cliaracteri.-illcs 
of QRS are changed. Such biz.irre APS aie likely to be mistaken for Mb. 


Conjlictbu! Opinions on the Cause of Aberration . — The cause of 
alierration is still obscure, and the literature contains conilicting state- 
ments regarding its mechanism. It seems an established fact that the 
change in the QRS complex depends upon abnormal spreading of the 
contraction. Lewis^ states: “TJie changed form of the ventricular 

*VPS will bo Uiiod an abbrovi.ition for ventricular premature .syatole thioughout 
the lem.tinder of tiii.s paper. 
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smaller (45 types), and the group fourth degree aberration” (Figs. 
9 and 10) .was the smallest of. all, consisting of , only 28 types. This 
group yms in many Avays the most interesting; In these .rVPS, the ampli- 
' ■ tude; dinmtion, configiu'^^^^^ and direction of QES were different from 
. those oi the normal beats. .Aberration of the T wave, as a rule, was 
correspoiidinglv marked, although reversal of the direction of T was 
^ seen only-twcm^ The QRS complexes of this group are likely to be as 
yicie and notched as those of bundle branch block. Compared to the 
! QfeS complexes of the normal beats, thej’' often appear so bizarre that 



I'ig. 8. — ^Third degree aberration of APS (four cases). A, B, and D, Change in 
amplitude, duration, and configuration of QRS. G, Change in amplitude, direction, 
and configuration of QRS. 


the APS are commonly mistaken for loremature systoles of ventricular 
prigin. These QRS complexes ai-e, of course, preceded by abnormal 
premature P waves. In all but two instances, however, the APS with 
“fourth degree aberration” occuiTed so early in diastole that their P 
waves were superimposed on the preceding T waves, on either the dowui- 
stroke or the upstroke. Such inconspieuousness of the P waves (Pig. 
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asei’ibes iiberraliou lo asynchronous stimulation of tlie ventricles result- 
ing from the' abnormal way in which the impulse reaches and leaves the 
A-Y node. Wenckebach and Winterberg' ahso raise the question whether 
•'■'the more pronounced disturbances of this type, particularly abnormal 
intraventricular conduction in APS, are not of more than mere func- 
tional significance, and whether they might not indicate disease of the 
conduction system.” Wenckebach, however, ansiweis Ids own f{uestiou 
in the negative, and other authoi-s [Katz,® Pardee,® and White^] do 
like^\ise. Carter® and Belief and Mci\tillan,'® on the other hand, follow 
Lewis’ trend and ascribe definite pathologic significance to the phe- 
nomenon of aberration. 

Paced with such eontlicting statements regarding the significance of 
aberration in man, we turn to reports on animal experiments, but there, 
too, we find contradictions. Pardee® states that aberrant ventricular 
complexes are common in nonnal dogs Avith artificially induced prema- 
ture auiieular contractions ; he considei-s it difficult to find a reason why 
there should be a localized abnomiality of the aurieiiloventricular con- 
duction S3’stem in normal dogs, even Avhen they are under an anesthetic, 
Stenstroem,®* on the other hand, who Avorked on rabbits, never found 
the ventricular complexes of artificially produced APS aberrant as long 
as the hearts were intact. Stonstroem fiu-nished weighty experimental 
evidence to indicate that aberration is due to impaired conduction 
through the bundle branches. He inA'ented an apparatu.s which pro- 
duces premature systoles by electi-ical stimulation. Before stimulating 
the auricles, Stenstrocm e.xerted pressure on those parts of the inter- 
A'entricular septum through Avhich the branches of His’ bundle pa.ss, 
and temporarily injured one of the branches. He Avaited until 
the electrocardiogram returned to normal, and then produced APB. 
These APS shoAA^ed constant aberration; Avhen the left bundle branch 
Avas injured, their ventricular complexes took on the shape of the dextro- 
eardiogram; Avhen the right bundle l)ranch Avas injured, their ven- 
tricular complexes took on the shape of the levoeardiogram ; ajid Avhcn 
both bundle bi-anches Avere injured .simultaneou.sly, the A-entricular com- 
plexes of the APS took on the .shape of either the levoeardiogram or the 
dextrocardiogram. 

Convincing experimental evidence, such as that of Stonstroem, 
strengthened us in the belief that, in man, aberration of the ventricular 
complexes of APS might at times also l)e indicative of a pathologic con- 
dition of the conducting ti.ssue.s. We decided to investigate the problem 
in two Avay.s, namely, by eleclroeardiogi'aphie analysis and by correla- 
tion of electrocardiographic and clinical observations. 

It has often been stated that aberration is usually moi'o marked in 
tho.se APS Avhieh are very premature, and a cau.s<il connection between 
prematurity and aberration has long been mssumed. Lewis' wa.s the tii^t 
to note that ‘‘the ventricular complex diverges from normal mo.st con- 
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eomplex is due, so it is maintained, to defects in conduction thi“ougli 
some of the chief Purkinje strands,” and he finds it '‘notable that in 
these patients minor defects in the main bundle are the rule.” On 
another occasion, Lewis- states: "Auricular extrasystoles showing 
aberrant ventricular complexes are almost confined to hearts in which 



Pig. 10.— Erroneous diagnosis of myocardial damage caused by misinterpretation 
of an APS. x, APS : v, blocked APS ; z, VPS. a; (in Lead III) is preceded by an incon- 
spicuous P’ wave which is superimposed on the preceding T wave. The ventricular 
complex of x is bizarre, x was, therefore, misinterpreted as a VPS by one examiner. 

diagnosis of "myocardial damage" was then based on the finding of "multifocal 
VfS." Yet apart from the arrljythmia and the notching of P in Lead II, this elec- 
trocardiogram is probably -within normal limits. 

conduction defects in the junctional tissues are demonstrable.” Pardee® 
disagrees with Lewis, and finds it hard to believe ' 'that all patients who 
have premature auricular contractions have either an abnormality of 
function or structural disease in the A-V conduction system;” he 
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IxFhUKXci: OP PuKMATUKiTY ON Abi:i:uatiox 
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Tabi.e V 


xVlJUICUIiAR PUKMATURE 8YST0IA:S (APS) WlTII MaUKEB AUWUl Vr;OX, AXI> Ar>S 
WiTFioaT ANY Abkiikation — Theiu Ta)catiox IX Diastoli: 
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of two or more differeiil decrees of prcmuturily; there was, tlierelore, 
a total of 35 dilTereal * ‘types’' of APS without any aJ3ernition whatever. 
The majority of these (Table V) occurred late in diastole, and nonr 
occurred very early in diastole. 

3. We then ap])roached the lU'oblcm from the oi)posite .side, and 
<'rQuj)ed our 525 types of APS accordin^' to the degree of theii' pi'^^' 
niaturily (their location in diastole). The data of this analysis (Table 
IV) furnish convincing evidence that prematurity intluenccs aliherni- 
tiou: none of the 101 APS occurring late in diastole (our ‘•Location I’ ) 
ever showed the higher degrees of aberration. Conversely, none ot the 
six tyes of APS occurring vei’y early in diastole were free from aberra- 
tion. 
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Table II 

Relative Frequency op the Different Degrees op Prematurity op 
Auricul.\k Pkejdvture Systoles (APS) ^ 
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Table III 

Number op Different Types of Ai’Ricitlar Premature Systoles (APS) Per Case 


NUMBER OP DIFFERENT 

TYPES OP APS PER CASE 

ONE 

TIVO 

THREE 

FOUR 

FIVE 

SIX 

AND 

MORE 

Tonuj 

NUMBER OF CASES 

52 

51 

51 

27 

11 

9 

201 


spic'uously when the extrasystole falls early in diastole; in some pa- 
tients aberration is closely related to the degree of prematurity.” 
Lewis, vvho attributes the aberration to deficient conduction along cer- 
tain tracts of the junctional tissues, explains that “the deficiency has 
been confined to the premature beats became the rent preceding these 
has been brief,”- Other authors, namely, Katz,® and Scherf and Boyd” 
express, the opinion that prematurity is the only cause of aberration. 
Stenstroem/^ however, referring to APS in a human subject, reported 
that “the extent of aberration was not entirely determined by the elapse 
;o£ time between a nonnal complex and its following extrasystole.” 

Prematnritij and Aberration . — ^AVe analyzed our oivn electrocardio- 
graphic material in order to learn ’.vhether prematurity was the sole 
factor determining the degree of aberration. Our results are sum- 
marized in Table lA^. A number of observations demonstrated the 
marked influence of prematurity on aberration. 

1. AVe found 24 patients with APS showing “fourth degree” aberra- 
tion,- the abberation affected amplitude, duration, direction, and con- 
figuration of the QKS complex, and the APS had a bizarre appearance. 
Pour of the 24 patients exhibited bizarre APS of two different degrees 
of , prematurity ; there were, therefore, 28 different “tjTDes” of such 
bizarre APS. None of the 28 occuiTed late in diastole (Table V). All 
except two occurred early in diastole, and the two which occurred 
“fairly late in diastole” (Location 11) were associated with slow heart 
rates (which lengthen diastole). 

2. Contrariwise, there were 28 patients with APS which never showed 
any aberration of either QES or T. Six of these patients exhibited APS 
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Were we to 3 ii<-l;*e only Iiy the observations so far mentioned, it niijiht 
seem that prematurity alone determines the occurrence and the degree 
of aberration. Other obson'ations of oui-s, however, do not support that 
conclusion. In the first place, there were too many exceptions to the 
rule. jMarked preniaturity was not necessarily associated with ahbeni- 
tion; it actually occurred Avithout it (Table V). There were, for in- 
.stanee, 100 types of early (Location IV) ; 11 of these .showed no 
aberration at all, and five more shoAved aberration of the T Avave or tlie 
S-T segment AAdthout aberration of QES (Table IV). In the second 
place, the many electrocardiograms Avilh several different types of APS 
in the same record or the .same lead showed that different influence.s Avere 
at Avork; often there Avas 2io parallelism betAVCen prematurity and aber- 
ration. Table VI illustrates this point. In 149 of our 201 cases, 
multiple types of APS Avere present, but in only a small minority, IG, 
did abeiTation increase Avith increasing prematurity (Pig. 11, A); in 
12 eases, aberration actually decreased Avith increasing prematurity 
(Pig. 11, B). The great majority of the 149 cases, however, did not 
fit in either of these groups. They exhibited three or more different 
types of APS : in some instances, aberration increased Avith increasing 
prematurity in tAvo tj'pes, but not in the third ; in other instances, other 
combinations occurred; the various combinations are summarized in 
Table VI. The entire group of 149 eases of multiple APS included ol 
cases AAuth only tAVO typos of APS. If Ave analyze this smaller group 
alone, Ave obtain a much clearer picture (Table VII). It is then clear 
that the degree of prematurity and the degree of aberration are usually 
not parallel. In only ten of the 51 curses did aberration increase Avitli 
increasing ijrenmturity : in seven cases it decreased. The remainder 
of the cases, 34, fell into tAvo groups. In one group, abberation differed 
even though the degree of prematurity aauis the same (24 cases) (ffig. 
11, D ) ; in the other group, prematurity varied Avhile the degree of aber- 
ration remained the .same (ten cases) (Fig. 11, C). Prom these figures, 
the lack of a consistent relationship betAA'cen aberration and prematurity 
is apparent. AVe are, therefore, led to the conclusion that prematurity 
is not the sole factor Avhich determines the degree of aberration. In an 
effort to find other determining factors aa’c then inve.stigated the poxsiblo 
intluence of the frequency of the APS and the P-Ii inteiwal of the APS. 

Effect of Frequency of APS on Their Aberration. — Stenstrocm" re- 
ported that the frequency of theAPS influences their aberration. A\T* 


t.ahi.e VI r 

ABEIUUVilO.U l.\ THE PliFSE.XCK OK TWO DnUKUKST TVI'KS OK APS 


.\BEKl'..VTIOX 

-AUEillt-ATIOX j 

.AlJEKJi.\T10.V 

.S.AME, 

I.OC.VTION 

niKra;E.\-T 

I.Oe.ATIO.N' .SA.\IE, 

TOTAI, 

I.VCI:E-ASE.S WITH 1 

DECIlEA.Si;.-; WITH 

AUKRU.ATIO.S' j 

SCMHKU 

i-in:if.ATKr:iTY 

i'i:E.M.vTn:ri-Y | 

i 

DIKKKliK.ST 

OK cA.sr.s 
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Table YIU 


Abekba'Hon of AoiucuL-\n PuEiiATUKE Systoles (-VPS) Comx.vrED 'Witu Tufu; 

Frequency 


NUMBER 

1 


if.AXIitAL ABERR.VTION 



OF APS 
PEE 

ELECTRO- 
C.\RDIO- 
GKAM ; 

NO 

ABEKK.V- 

TION 

AT .ALL 

ABERR.A- 

TION OP 
T AV.AVE 

ONLY 

FIRST 

DEGREE 

.ABERRA- 
TION OF 
QRS 

SECOND 

DEGREE 

.ABERR.A- 

TION OF 
QRS 

TUIRD 

DEGREE 

ABEiUIA- 

TION OP 
QP.S 

FOURTH 
DEGREE 
.ABERRA- 
TION OF 
QRS 

TOTAL 

NUMBER 

OF 

CA.Sia 

1 

14 

0 

7 

4 

3 

1 

29 

2 to 5 

(48.3%) 

21 

3 

(24.1%) 

31 

(13.7%) 

20 

(10.3%) 

9 

(3.4%) 

7 

91 

G to 10 

(23.1%) 

G 

(3.3%) 

1 

(34.1%) 

10 

(22.0%) 

IG 

(9.9%) 

4 

(7.7%^ 

6 

43 

11 to 20 

(13.9%) 

3 

(2.3%) 

1 

(23.3%) 

9 

(37.1%) 

(9.3%) 

4 

(13.9%) 

8 

30 

21 to 30 

(10.0%) 

1 

(3.3%) 

0 

(30.0%) 

1 

(16.7%) 

2 

(13.3%) 

1 

(26.7%) 

O 

7 

31 and 

(14.3%) 

0 

0 

(14.3%) 

0 

(28.6%) 

1 

(14.3%) 

0 

(28.6%) 

0 

1 

over 

45 

5 

58 

(100.0%) 

48 

21 

24 

201 


sliowed a fairly even distribution of the different degrees of aberration, 
and absence of aberration was about as frequent as “second degree” 
aberration. The highest degrees of aberration, in general, are in- 
frequent; they, therefoi-e, could not be expected to be numerous in this 
group. In any event, it should be remembered tliat the number of exses 
available for analysis was small, and that the findings were equiv- 
ocal, We felt .iustified in concluding that no dehnite relatioiLship 
exists between the frequenc.y of APS and the aberration of their ven- 
tricular eomplexesA 

P-R Interval and Aherrution. — yie occasionally encountered two types 
of APS in the same record which differed greatly in the duration of’ 
their P-R inteiwals, and it occurred to us that the difference in al)erra- 
tion might depend on the difference in the P-R intervals; the APS with 
a long P-R interval might possibly show marked aberration, and the 
APS with a short P-R interval might possibly be free from aberration. 
To investigate the relationship, we again used our two extreme group.s, 
APS without any aberration, and .^VPS Avith marked aberration. In 
both groups (Table IX) avc found .:1PS with P-R intervals longer than 

Table IX 


P-E Intervals of Auiuculae PiiEii.vTURE Sy.stoles (APS) Without Abekratio.s', 
AND OP APS With itARKED .^Aberration 



NU.MBER 

OF 

CASES 

P-R INTERVAL 
REL.A1TVELY 

PROLONGED 

P-R INTERVAL 
REL-ATIVELY 
SHORTENED 

P-R INTERVAL 
THE S-AMB AS 
THAT OP 
NOiiMAL BEAT.S 

APS without 
aberration 

28 

8 (29.5St) 

12 (41.0%) 

8 (29.5yo) 

.IPS Avith niarkefl 
(fourth degree) 
aberration 

24 

13 (.12.2%) 

S (34.8%) 

3 (1.3-0%) 
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grouped oiu" eases according to the total numher of APS foimcVin each 
electrocardiogram, and compared the occurrence of the. different degrees 
of aberration in the . different frequency groups (Table VIII). Coin 
trasting only the extremes, we did indeed find a difference between 
cases with only. a single APS and those with 21 or more in one record; 
half (48.3 per cent) of the APS which occurred singly showed no aber- 
ration at all, whereas abberation, e.speeially of the higher, degrees, was 






Pig. 11. — ^Multiple APS, sliowing- the varying- relationship between aberration and 
•the . degree of prematurity. Aj Aberration increases with increasing prematuritj% 
and a’3. APS of Location III, show first degree aberration ; x-j, APS of Location IV, 
shows second degree aberration. B, Aberration decreases with increasing prematurity. 


a’l, APS of Location II, shows third degree aberration ; X3, APS of Location III, shows 
first degree aberration. G, Abei-ration tiie same, location varies, x-i is more pre- 
mature than x-i, yet shows no more aberration. D, Location the same, aberration 
varies. xi and X 2 both have Location III, yet xs shows more aberration than xu 


frequent in records containing a multitude of APS. The relationship, 
however, became much less definite when records .sliowing a moderate 
number of APS per tracing were analyzed, and such records were more 
muiierous. Eeeords with two to five APS per tracing, for instance. 
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Table XI 


COnKELATlON OK AOE AX1> DeCKEE OK ABEKKATIOX 



XO ABEUKATIOX 

KOUKTu i)E(au:r, 


•AT ALL 

AHEUUATIOS 

Xuiiiher of cast's 

2S 

24 

Average age (\ts.) 

.ofil/j 

0.1 


Age Factor. — We studied the ai?c factor first. A patlioIo<,nc condi- 
tion of the conduction system, we thought, was more likely to be })re.scnt 
in older patients. We first noted the ages of all patients (24) with 
‘‘fourth degree aberration,” and then, by way of contrast, the ages of 
all patients (2S) whose APS showed no aberration at all (Table XI). 
In the latter group, the average age Avas 56i/t> years, and, in the formoi-, 
it AAms 55 years; the difference Avas obviously insignificant. Wo then 
grouped all our patients according to age, and found that marked 
aberration Avas no more frequent among the aged than among the 
young. We also observed marked ai)erration in children. Conversely, 
Ave found APS Avithout any aberration in the electrocardiograms of 
several patients over 70 years of age. Our analysis of the ago distribu- 
tion, therefore, failed to give us a clue to the ‘‘missing factor.” 

Aberration in- Cardiac and Noncurdiac Patient.'i. — We divided our pa- 
tients into three groups, according to diagnosis: 29 noncardiae patients, 
103 cardiac patients Avithout congestiAx* heart failure, and 63 cardiac 
patients Avith congestive heart failure (Table XII). Si.\ cases Avere e.x- 

Taule xtr 


COUKELATIO.V OK CaKDIAO STATUS AXI) DKGI’.EE OK ABEKK.VTIOX 



XOXCAKDIAC 

I'ATIEXTS 

CAltWAC 

I'ATIEXTS 

WITIiOCT SICNS 

UK COXC.ESTIVE 

HEAUT 

KAILl'ItE 

CAKDIAC 

I>.VTIENT.S WITH 

fOXGESTIVE 

UEAKT 

KAILUKE 

EXCLUPKP ekom 
axai.y.sis 

HK.CAr.SE OK 
iX.ADEtn.’A'fE 
I)IAOXO.STIC 
STCI>Y 

Xl’MUEn OK 

CASES 

20 

Ijjjllllllllgglll^ 

n:! 

(i 

AUET.KATIOX 
VAKIEO H:O.M 

None to fourth 
degree aber- 
ration 

Xoiie to fourth 
degree 
alH'rration 

None to fourth 
degree 
aberration 

Xono to .«eeoml 
ilegree 
alH'rration 

Xl'MBElt OK 

CASES IX 

AVUICU XO 
ABEUK-ATIOX 
occnatEo 

4 

LI 

7 

• 1 

NTitBEi: OK 
CASES IX ; 

wuuai K(tn:TH 
heot.ee 

ABEtatATIO.X 

occuaitKit 

• > 

! 

1.') 

i 

7* 

0 

ClJEMATUaiTA" 
VAKIED n;OM 

I^jfution I to 
Loeution Y 

Loeation I ro 
Location IV 

[..ocation t to 
Loctition V 

J.ocation 1 
to 

r.ocation lY 
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those of the normal heats, and APS with shorter P-R intervals. There 
were more instances of relative P-R interval prolongation among APS 
vath marked aberration than among those without aberration. The pre- 
ponderance, however, rvas not strilcing,- probably it was incidental and 
due to greater frequency of A-V conduction disturbances in this group. 
Negative results rvere also obtained -when we approached the problem 
from the opposite side. "We collected all APS with abnormally pro- 
longed P-R intervals and aU APS -with very short P-R intervals, and 
compared the incidence of aberration in both groups; there wm-s no 
significant difference (Table X). "We concluded, therefore, that P-R 
interval changes in APS have no demonstrable influence on the aberra- 
tion of their ventricular complexes. 


T^vble X 

Occurrence op Aberration in Auricular Premature Systoles (iLPS) With 
Prolonged P-R Intervals and APS With Short P-R Interv^als 



NUMBER 
OF CASES 

1 

NO 

aberra- 

tion 

FIRST 

DEGREE 

..VBERRiA- 

TION 

SECOND 

DEGREE 

ABERRA- 

TION 

THIRD 

DEGREE 

ABERRA- 

TION 

FOURTH 

DEGREE 

ABERRA- 

TION 

APS Tritti 
abnormally 
prolonged 

P-R intervals 

12 

7 

2 

0 

0 

3 

APS ■with, 
short P-R 
intervals 

20 

s 

8 

4 

0 

0 


Correlation of Clinical and Electrocardiographic Observations . — The 
electrocardiographic part of our investigation was thus concluded. It 
had showm that the degree of prematurity of APS had an influence on 
the aberration of their ventricular complexes, but that it was not the 
only determining factor. Our results liad strongly suggested that other 
factors might be operative. The clinical part of our study was essen- 
tially a search for these other factors. Our aim was to investigate the 
influence of pathologic conditions on aberration. In this effort, w^e were 
encoiu’aged by Stenstroem’s^^ experiments on rabbits, previously de- 
scribed, for we regarded it as probable that Stenstroem’s conclusions 
applied to human hearts as Avell. 

In our clinical study, -we analyzed the charts of the 201 patients and, 
in each ease, carefully noted the diagnosis, as well as the sigTiificant 
findings on which it was based. A large number of the patients -were ex- 
amined by us personally. In cardiac patients, special note was made 
of the presence or absence of congestive heart failure and its objective 
signs. ‘Wlien changes in the cardiac status occurred, they were noted. 
Whenever a patient received a drug known to affect the electrocardio- 
gram, for instance, digitalis or quinidine, the fact was recorded. Note 
was also made of the patient’s age, blood pressure, and aU roentgenologic 
and laboratory data. 
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failui-e nor other features of tlie cardiac status liad any influence on 
aberration.-^ It may be argued that the number of patients in each group 
was too small, that diagnostic errors could not always be tracked down, 
and that necropsy findings were available in very fe^v eases. We doubt 
whether our results woidd have been different, had the number of pa- 
tients and necropsies been greater. We believe that our conclusion i.s 
valid because our analysis did not give the slightest hijit of a relationship 
between cardiac status and aberration. 

Change of Aberration in Serial Electrocardiograois . — Our results, so 
far, had been uniformly negative, but we approached the problem from 
still another angle, and this approach proved more .successful. We 
studied serial electrocardiograms of patients who repeatedly exhibited 
APS, and searched these records for variations in the degree of aberra- 
tion. As a rule, the configuration of APS did not change, even over 
long periods, provided they arose in the same focus and the degree of 
their prematurity was the same. In certain instances, however, the 
degree of abeiTation did change, and these were the records we used for 
correlation. We compared the clinical condition of these patients at 
the time of their first electrocardiogram with the condition at the time 
of subsequent tracings, and found that the change in aberration cor- 
responded to a change in the clinical condition. This observation, for 
the first time, suggested that aberration is a finding of clinical sig- 
nificance. To illustrate this point, three characteristic cases will now 
be reported. 


CASE REPORTS 

Case 1. — F. K., aged 31 year.s, admission No. 21241, was admit led 
to the hospital iMarch 1-1, 1932, with the typical signs of lobar pneumonia 
in the left lower lobe. On IMarch 15, 1932, the patient was profoundly 
toxic; the temperature was 105° P., and the leucocyte count was 42,500, 
The eleetiocardiogram taken on that day showed evidence of myocardial 
impairment (low amplitude of the T waves in Lead II) . Numerous AP.S 
were present, and their QRS-T complexes, especially in Lead III (Pig. 
12, A) showed aberration (lower amplitude of QR.S, duration of QRtS, 
decreased from 0.08 to 0.07 second, notching of the It wave near its tip, 
absence of the S wave, elevation of the R.S-T junction, and increa.sed in- 
version of the T wave;. On April 6, 1932, when the patient had been 
afebrile and convalescent for twelve days, a .second electrocardiogram was 
diken (Fig. 12, B)- It showed no moie evidence of myocardial damage 
Ohe T waves in Lead II were now of normal amiilitude). The AP8 of 
this electrocardiogram, which arose in the .same focus as those of ilarcli 
15, 1932, showed only minimal aberration of the QRS complexes (lower 
amplitude of R, .slightly tlecreascd duration of QR8) and very little aber- 
ration of the T wavc.s. The change from marked to minimal aberration 
in this cju-e was quite remarkable. No drugs known to affect the elec- 
trocardiogram had been given to the patient. We are inclined, tbere- 

*In this conn'-ction anothor ob->iTvatlon may b*- nii-ntioneJ. The AI'.S of On* m»n- 
c.inli.ic iiatieiit.s .siiow* il all af liH-ni.iturUj. Tlu-> (liil not ilm'<-r flaiii iIiom- 

of tlu: Us'o curiiinc i;rouj,.s in that oitfier. 
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Table XIII 


AURICULAE PEEJIATUKE SYS'XOLES (APS) IK XOK CARDIAC PA’I'IENTS 


' CASE j 

, AGE 
(YRS.) 

DIAGNOSIS 

i 

degree of 

PREAIATURITY 

1 

MAXIMUAf 

DEGREE OP 

ABERRATION 


. 12 

Lobar pneumonia 

Lobar pneumonia 

Locations I & II 

First degree 

, , 2 

45 

Locations lY & V 

Third degree 

3- 

34 

Lympbogi'anuloiua venereum 

Location I 

Aberration of T 
only 

' 4 

28 

Infectious arthritis 

Location D’’ 

Second degree 

5 

39 

Subdeltoid bursitis 

Location I 

Fii'st degree 

; (5. 

42 

Cvstocele 

Locations li & ill 

Second degree , 

■7. 

17 

Psychoneurosis 

Location II 

First degree 

S 

23 

Pulmonary embolization fol- 
lowing cesarean section 

Location IV 

Blocked APS 

-9 

34 

Cholecystitis 

Location III 

First degree 

10 

14 

Tonsillitis 

Location II 

Xo aberration 

11 . 

12 

Bronchopneumonia 

Location III 

Fourth degi-ee 

12 

58 

Pernicious anemia 

Location II 

First degree 

13 

•70 

Carcinoma of lung 

Location IV 

First degree 

14. 

9 

Cervical lymphadenitis 

Location I 

First degree 

15 

31 

Lobar pneumonia 

Location II 

First degree 

16 

48 

Fracture of skull 

Location II 

Second degi-ee 

17 

. 58 

Bronchopneumonia 

Locations ill & iV 

First degree 

18 

38 

Bronchial asthma 

Location II 

Second degree 

19 

2 

Lobar pneumonia 

Location I , 

No aberration 

20 

19 

Bronchial asthma 

Location II 

Third degree 

. 21 

36 

Gonorrheal arthritis 

Location III 

Third degree 

22 

21 

Healthy adult 

Location III 

First degree 

23 

27 

Cellulitis of face 

Location III 

Second degree 

24 

53 

Healthy adult 

Location I 

No aberration 

25 

53 

Bronchial asthma 

Location IV 

Fourth degree 

26 

44 

Tuberculous lymphadenitis 

Location IV 

Blocked APS 

27 

79 

Adenocarcinoma of colon 

Location IV 

Second degree 

• 28 - 

48 

Hodgkin’s disease 

Location III 

First degi'ee 

29 

23 

Thrombosis of cerebral artery Location I 

No aberration 


eluded because of inadequate diagnostic study. We then attempted to 
correlate the cardiac status of the patients with the degree of aberra- 
tion, The results were disappointing ; there was little ditf erenee among 
the three groups. In the noncardiac group (Table XIII), all degrees 
of aberration occurred, including “fourth degree aberration” with 
bizarre ventricular complexes (two cases). Absence of aberration oc- 
curred only four times. The distribution was not significant!)’’ different 
from that in the two cardiac groups. In these also, all degrees of aberra- 
tion occurred, and, remarkably enough, complete absence of aberration 
was found quite frequently, i.e., fifteen times among the 103 cardiac pa- 
tients without congestive heart failure, and seven times among the 63 
cardiac patients with congestive heart failure. Several patients of the last 
group were very ill; some were suffering from acute myocardial infarc- 
tion, and others, from pulmonary infarction, but their electrocardio- 
grams otherwise thoroughly abnormal, showed APS without aberration. 
The electrocardiogram of a moribund patient which .showed left bundle 
branch block also showed APS uvithout any aberration. Absence of aber- 
ration was common in normal and abnormal electrocardiograms alike. 
Our conclusion was that neither the presence nor the absence of heart 
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necropsy was not obtained. The two electrocardiograms were taken 
at an interval of only two days, vet the difference in a])erration was 
striking. Two explanations tor this difference seem possible. On the 
day before the patient’s death, her myocardium may have deteriorated 
and a pathologic condition of the conduction system may have developed 
whieb manifested itself in increased aberration of the APS; or fiuiiiiditie 
may have affected the conduction system. The second explanation 
seems more plausible in view of the otlier evidence of (juinidine effect 
(prolongation of Q-T), and in view of the facts learned from the next 
case. 



Pis’. 13. — Case 2. MarkoO increase in .aberration of APS after quinidine adtnini.'i- 
tration in a case of fatal atypical in.vocardial infarction. Record taken Dec. 21. 19 IL 
reveal.s numerous .VP.S (Xi. a-;, and xj), witli no .aberration of QKS and minimal aber- 
ration of tlie T wavt.«. 


Ca.se 3. — A. XL, admission No. 63394, a 73-ycar-old man, was admitted 
to the Cardiac Clinic suffering from essential hypertension (blood pre.s- 
sure 180/100). He liad no complaints referable to the heart, hut pre- 
sented a cardiac irregularity which, as the electroeardiogram (l^ift. 
showed, was caused by numerous AP8. These APS exliibited vaiying 
degrees of aberration which did not dcpejid on the degree of prema- 
turity. A few heats, e. g., .r^ in the third load, showed aberration affect- 
ing amplitude, configuration, and direction of (he QRS complexe.s, am! 
also an increa.se in the size of the T wave; other AI^S, on the other 
hand, especially those occurring a little later in diastole (jrj in the 
.second lead), showed only minimal aherration of QRS-T, The tracings 


were otherwi.se within normal limits for a patient of that age, vv'ith one 
po.ssib!e exception: the low amplitude of the R wave in I-ead Cl'V 
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fore, to ascribe the decrease iu aberration to tiie improvement of the 
eiinieal condition. It .seems very probable to ns that the severe pneu- 
monia had been a cause of the aberration. 

C.iVSE 2. — S. R., aged 70 years, admission No. 70366, a case of iiyperten- 
sive, heart disease of at least ten years’ duration, was admitted to the 
hospital Dec. 4, 1941, acutely ill with pneumonia in the left lower lobe. 
On admission, premature beats were beard, but no electrocardiogram 
was taken. The pneumonic process responded promptly to treatment 
with sulfadiazine, and the temperature, which had been 101.8° F., 
became normal wdtliin three days. On Dee. 20, 1941, the patient’s 
convalescence was interrupted bj’ an attack of acute left ventricular 
failure which was assumed to be secondary to myocardial infarction; 
her temperature, bn that day, rose to 103° F. An electrocardiogram 
taken the following day (Fig. 13) showed numerous APS and evidence 
of myocardial damage (low voltage and slurring of the QRS complexes 
in the standard leads, with a broad Q wave in Lead I, depression of 
the RS-T segment in Leads I and IVF, diphasic T waves in Leads I 
and, IVF, and low amplitude of the T waves in Lead II). The patient 
then received 1.8 Gin. of quinidine .sulfate within two days. On Dec. 
23, 1941, she suffered a left-sided hemiparesis, presumably due to a 


A. 


7r • ■ f * 


“Jir 




f I fei . 


f. .-**“•* 1 Tr?. « vsttid 



r,»«7a»u«ri 


xi* fV^X tt **i( ak ^1*4 

« .1 I 


- - ----- .** j 


B. 


■■#4 1 s».' t k •. .... . • i ' •• <1. 

J, •• „• I .!■. • S'* • •* •• .. 

fe|. I . .1. .*•*.. -f • 

' 'b .r <•4 s. . rf.* 

hi’ B ■■4 b .«* •*••»>...*.» .•7>i.'»iita<(%kaa«ia(,iiibwfUi»«a4«aa«raw»ewi»l 

, ..*,•, , : , j. ■ I . V * . - ‘ • ’ . .t 4* i ’• 1 4 >a-*4 

I..'*,, .. 1'.. *..■.* .. ......4 . ...{ t. • .1 i»f!4SB7«*a4ft.«»*»7»Mr««»3 

fc'. • ••'• s *>• '***• • • ' > 

4 k/4«^..<.4;i 4** |fc»»7iiik^»4>a..7.?»RiiR»xa,»»n3 

fV-rin ;4jr:iV‘Vc"«ata7 rM*«7F7Jxs«ava««4M-VaV4VV«lV«”R«iMk«»»a)>7<^TaSMa»iiaa'M»c«ia«*a''t«atf«i»«MB#«MMi«*v iaavi 
hit 9 «*)'>«/ v•»7f*ax«a•iBa4av«M«T«a^«t•*a•f««;#»(•«•aA»aRa«t»aailaaaMMra■ 

^*-t ft’’- M-t«xA*a«^».s>'Sfe .11 .*•»«. AT t «RA.iititi'i;.t/B«R4«a7ia««B*«aa«««>«aaaaa4MKMaaaB»ar#aa«a»*«ifM»aMi 
1 1 (■^i ■ SAa4<i*>*i4r.^'«4'»/r«*«.VBt 4*MC«4f..4%*««xi>B%*B«RaKa«aak9aB«r»aRMaaaB«iaiiaai 

t.<<BH...i;kx««](444xs44ja««»ua 4V ki.iiAj.h&4fi.ia«»a:4«.»aAXsaasBaBaaaaxaxi»*»van»*a»»MaicaBBafta9AaaBX«Mia«Ma 

siip7*«r.s44r.4rK'*«»aitoX‘rv7«i>.*4i‘a'<«B*«ts*R;B»>*«Bve««4««4»*««7»*x<»««i4»r»raK*Ra4»ak*#aa»«i 

I •4/4a»t.«tj«'»«<' 4r<*«»i4'.>«* hf-'fqk *«» Jbvt{4.*»4xvaK‘t«i«««aar4>«.’ »*»tie»«xMa»aaaaBa«»»aat4‘ 

t • B «4rw;A«aB«4<a«fia«*-4<A-%it«M«i’.«ii«a»s%<aa*c«a»Ra7a«p»Mrra(tu«'«4P«iM4aari 

I «<*«*.»•■ ; < I q44i>*«ak4 4*!r*«44:>4'«*«^«bxafa/4« /k^^awkXkaaiavaisiai'XRii •> i'-4»Ma.u«»av»4iK»aaat»Ma8iaa'?M t 

.«k»v;.t4BaaX4!c*<i<4(ri;: A<*«i KA44A4ftra>.«««i>q«j *«•<«■ a»n»a44a«8Bx«*fa&»a» vBiMiMBafettaaiaMvaaa] 

* 4 *.<4« <7 f fci «£’/ taakkVht vaax>saa/a»»«»4«a«JM8Mii4 raaci 

i4ik4R»*44 .Bn axt’ t laritiitMFBaa^vaaiWiuva 

i iwraBrtn’i’’*'!'* nuat ?* •’■m* k'U*4iRi kAsfX’4v*a; v'******’ »iv{l • **i >r vvr.i !4k< xiiaa*"’* - 

V4 • w n i •• • . I . . 

a-k . -h - % . •* . - - . . ^ .... 

vsuBS’roycVRit 
• **“ — 

ia«c4.ica*«:ana4.i_ 

U«a4aStMIBjiU«a84J44;a4it4e4I>£»SX«lL44S: ^ 

t«»a4»aitfa3a*aaaa*srgxt»7g&*.tgs.ta&agr<raafl»;r»arx»A.agT»fa*'4^»qiMuri>»>»4«aigjrM» 4 aa a »w 
R»4t«s«aaK4»«3fii'«v3K&4«xx»usu<3ii4i«x>u6Ktfi«»«as:4t.ftaua«itcs7asi»i»»a»4.s«aaA«a«M»-«iaa«:., 
W3ci#K&auB«4A44<’!.CA:4k^3cMti.i<>«4X4JAa4ft»«7«Kxyi4VK7x>«Ki;ibftxmitaa«**jt*«jrucunr^»«fexii3ii' 
RRcaaa.M7«sgcm‘.»*sc<a6ahaf;ccasau34Ufr44a»axga^a4!>ya^g#w\w5a4;^amMt'H>BR»taw«yR#»i»!a: 


Hail 


Pier. 12. — Case 1. Change in aberration during tlie course of sevei'e pneumonia. 
A, Record taken March 15. 1932 (only Lead HI is shown) shows two APS (.x,x), with 
fairly marked aberration (QRS of lower amplitude, QRS duration decreased froni 0.08 
to 0.07 second, notching of the R wave near its tip, absence of the S wave, ele- 
vation of the RS-T junction, increased inversion of the T wave). The patient, on 
that day, was profoundly toxic, with a temperature of 105°P. and a leucocyte count 
of 12,500. B, Record taken April 6, 1932 (only Lead III is shown) shows one APS 
(a;) with slight aberration (QRS of lower amplitude, slight elevation of RS-T junc- 
tion). The patient, on that day, wa.s afebrile and convalescing. 


cerebral embolus; her cardiac condition remained grave. A second 
electrocardiogram was taken on that aay (Fig. 14) ; it differed from 
the first in several points: higher amplitude of IL and T3, prolonga- 
tion of the Q-T interval from 0.35 second to 0.42 second, and, what is of 
greatest interest here, a higher degree of aberration of the APS. In 
the earlier tracings, the a\.PS showed no alierration of QRS and minimal 
aberration of the T waves. In tlie second record, however, the APS 
showed QRS complexes which differed from those of the normal heats 
in three features (change in amplitude, best seen in Lead III, change 
in duration, best seen in Lead II, and change in configuration best 
. seen in. Lead IVF). The patient died Dec. 24, 1941; permission foi- 
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The patient, was then given 0.3 Gm. of quinidine sulfate three times a 
da}”, by mouth, for one week, during ivhich time his condition did not 
change in any way. Another electrocardiogram was taken at the end 
of that week. (Fig. 16). The normal beats of the second, record showed 
only slight changes from those of the first (lower amplitude of the T 
waves in all leads, and prolongation of the Q-T interval from the 
origmal 0.37 second to 0.42 second, measured in Lead OF:)). The 
xlPS of the second record, however, were for the most part markedly 
different. A few” still show^ed little aberration, e. g., a;.-; in Lead 11, 
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. Eiff. 14. — Case 2. Marked increase in aberration of APS after quinidine adminis- 
tration in a case of fatal atypical myocardial infarction. P^ecord taken Dec ‘>3 1941 

fairly marked aberration fincrease in amplitude of 
change in duration of QRS (Lead II). change in configuration of 
IS^rp^^^ad IVF), elevation of RS-T junction (Lead III), increase in amplitude of 

In the inteI■^"al between these two records, the patient had received 1 8 Cm r,f 
, fiumicline sulfate. She died Dec. 24, 1941. i<it-ei\eu i.s <^m. of 


but the majority showed marked alierratiou. The duration of the QRS 
complex particularly was affected; it was increased to 0.13 second 
timm a previous maximum of 0.10 second (tc. in Lead I and tc in 
Lead II). (Incidentally, several APS showing much aberration were 
more premature than others showing little aberration ) The in- 
crease in aberration wdiich had occurred within one week was most 
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1. The eleetroeai’diograms ot‘ 201 patients who had auriculai* pro- 
mature systoles (APS) were analyzed. One thousand three hmulred 
six APS were found, and were divided into five groups according to 
the degree of their prematurity. i\[ultiple APS of the same degree of 
prematurity occurring in one record were counted as one ’’typo." 
Multiple APS of different degrees of prematurity were coimtcd as 
different ‘Hypes.” The total number of. “types” of APS was a'i:'). 
Eight of these were blocked. 

2. APS with aberration of the ventricular complexes were tiirce 
times as frecpient as APS without aberration. 

3. If no aberration is present, the APS may be overlooked, or the 
irregularity may be misinterpreted as sinus arrhythmia. 

4. Aberration, especiallj^ of the T wave, is often more marked in the 
chest leads. Chest leads may thus aid in the recognition of APS. 

5. Forty-three types showed no aberration of QRS, but showed 
aberration of the RS-T segments or the T waves. 

6. Three hundred thirty-.seveii types of APS showed aberration of 
the QRS comi)lexes. 

7. If aberration of QRS was of slight tiegree, increase or decrease in 
amplitude was the most frequent single change; changes in configura- 
tion (slurring, notcliing, appearance of a Q wave) were ne.xt in fro- 
queney; changes in duration occurred seldonr except in conjunction 
with other changes; a revei’sal of direction never occurred alone. 

8. The higlier degrees of abei-ration Avere less frequent than thclowc’. 
They consisted of changes in amplitude combined with clianges in con- 
figuration, or various com))inations of changes in amplitude, configura- 
tion, duration, and direction. 

9. The liighest degree of al)erration (twenty-eight types) affected all 
four characteristics of the QRS complex, amplitude, configuration, 
duration, and direction. APS with .'juch bizarre ventricular complc.xc.s 
are commonly mistaken for ventricular premature sy.stoles. 

10. The degree of prematurity of an APS is a major factor in 
determining the degree of its aberration. This was shown by the fol- • 
lowing facts: 

a. .\one of the twenty-eight types of APS with very marked aberra- 
tion occurred late in diastole. 

b. None of the thirty-five types of APS without any aberration oc- 
curred very early in diastole. 

c. None of the 101 types of APS occurring late in diastole .showed 
more than moderate aberration. 

d. None of the six types of .VPS oceurriiig venj early in diastole were 
free from aberration. 
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striking. In the absence of any clinical change, there could he little 
doubt that it was, the result of quinidine administration. 

This case, we believe, sheds a good deal of light on the problem of 
aberration. Quinidine is a drug known to slow intraventricular con- 
duction. In this instance, it had little effect on the intraventricular 
conduction time of the normal beats, but it selectively affected the intra- 
ventricular conduction time of the APS.® The cause of this selective 
action is not Imovm, but it may well lie in the prematurity of the APS. 
The APS occurred so early in diastole that the conducting tissues had 
not yet fully recovered from their activity during the preceding normal 
beat, and their state of incomplete recovery might have made them 
more vulnerable to the action of quinidine. 

The three cases just reported were selected from a much larger 
number, of patients who had serial records. In many of these, 
multiple APS were present, and aberration varied a great deal within 
one lead; it would have been difficult to compare these records vdth 
subsequent ones. Such electrocardiograms were obviously unsuitable 
for correlation mth clinical observations. Other cases had to be elimi- 
nated for a different reason. After the administration of quinidine, the 
electrocardiograms frequently showed no more APS at all; they had 
been abolished by quinidine. Our total number of suitable serial 
records is, therefore, too small for statistical analysis, yet we believe 
that the three eases reported here, together with the facts previously 
presented, may serve as a basis for the following conclusions. 


CONCLUSIONS 


AbeiTation of the ventricular complexes of APS reflects changes in 
the intraventncular conduction system. These changes may be physio- 
logic, e.g., if the APS occur very early in diastole; or they may be patho- 
logic. In the latter case, they may be brought about by diseases or 
by drugs affecting intraventricular conduction, of which quinidine is 
an example. More important than aberration itself is a change in the 
degree of aberration. Sucli a change is always a sigmificant electro- 
cardiographic findings. It indicates a change in the condition of 
the patient’s heart which the remainder of the electrocardiogTam may 
not clearly show. In two of our cases, the change was probably brought 
about by the administration of quinidine, and, in the third, by a 
severe infection (pneumonia). Other factors will probably come to 
light once the subject of aberration receives more attention. Serial rec- 
ords of patients with APS are especially worthy of study. If changes 
in the clinical condition of such patients occur, serial records should be 
analyzed for possible changes in the degree of aberration. For the same 
reason, serial records should be taken of patients udth APS if they re- 
ceive q uinidine or other drugs known to affect the electrocardiogram. 


*4- Patholosic condition likewise can affect the configuration of premature svstoie^ 
selectively, as was recenUy demonstrated by Dressier^- in a case of acute myo^rdill 
by bundle branch block. In Dressler-s case, thf ele^ffiS 
indicative of infarction were absent in the normal beats but were 
displayed by ventricular premature systoles. were 
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11. Tlie degree of prematurity is not the only factor Avhich determines 
the degree of aberration. This was shonm by the following facts: 

a. Of one him dred .types of APS oeeurring early in diastole, eleven 
showed no aberration. 

b. Most . electrocardiograms showing different types of APS in the 
same record revealed a lack of parallelism between aberration and the 
degree of prematurity ; aberration often remained the same or became 
less marked as the degree of prematurity increased. 

12. No definite relationship was found to exist between the number 
of APS in a given record and the aberration of their ventricular 
complexes. 

13. P-E. interval changes in APS had no influence on the aberration 
of their ventricular complexes. 

14. The patient’s age had no influence on aberration. APS mth 
marked aberration were found in children. APS without any aberra- 
tion were found in patients over 70 years of age. 

15. Aberration occurred in normal and abnormal electrocardiograms. 
Aberration of all degrees occurred in noncardiae patients as fre- 
quently as in cardiac patients. Aberration was no more frequent in 
the presence of congestive heart failure than in its absence. 

16. Three cases are reported. Their serial records showed that sig- 
nificant changes in the degree of aberration of the APS occuiTed within 
a few days. In two eases, the change was probably brought about by 
the administration of quinidine, and, in the third, by a severe infection 
(pneumonia). 

17. Aberration of the ventricular complexes of APS reflects changes 
in intraventricular conduction ; these changes may be physiologic ; or 
they may be patliologic and may then be produced by diseases or by 
di’ugs affecting the conduction system, e. g., quinidine. 

18. Quinidine selectively affects APS by increasing their aberration, 
especially the duration of QES. 

19. A change in the degree of aberration is more significant than 
aberration itself. It indicates a change in the condition of the heart 
which the remainder of the electrocardiogram may not clearly reveal. 
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The third theory, also referred to as the bundle of Kent theory, ha.-? 
been most wdely accepted. The experimeiital work of Buttorworth and 
Poindexter® offers some eWdenee in favor of this theory. 

The purpose of this report is not to add another ease of Wolff-Parkin- 
son-White syndrome to the literature, but to present some unusual 
features of this syndrome in the ease to be described. 


REPORT OF CASE 

A 31-year-old soldier was admitted to tlie Station Hospital at Camp 
Hale, Colorado, Dee. 14, 1943, for rheumatic fever wdth cardiac involve- 
ment. In addition, he gave a history very suggestive of attacks of 
paroxysmal tachycardia during the preceding five years, one of' which 
he had the day before admission. 



The electrocardiogram on the day of admission showed the charac- 
teristic pattern of the Wolff-Pai*kin.son-\Vhite syndrome^ i.e., a short 
P-R interval with a prolonged, aberrant QRH complex of the buiulle 
branch block type (Fig. 1). 

During the latter part of his convalescence in the ho.spital, on April 
15, 1944, the patient suddenly had an attack of cardiac palpitation? 
this wa.s the same complaint which he ha.s had for five years, and. oti 
examination, his cardiac rate was found to be 190 per minute. The 
electrocardiogram at thi.s time .showed paroxysmal Jiodal tacbyeardia. 







, WOLFF-PAEIQNSON-WHITE SYNDROi\IE WITH 

UNUSUAL FEATURES 

Captmn M. H. Stein, M.C., ARikiY of the United States 

T he electroeardiographie pattern of a short P-R interval associated 
with a QRS complex of the bundle branch block type has been de- 
scribed many times. In 1915, Wilson^ described a case in -which he 
believed that vagal stimulation produced an electrocardiogram with 
a short P-R and bundle branch block type of QRS, and that this was 
due to A-Y nodal rhythm. In 1937, Bishop^ reviewed the literature 
and found that forty-five cases had been reported. The first complete 
report of this condition was made in 1930 by YT’olff, Parkinson, and 
White.^ 

This condition may be more frequent than is evident from the litera- 
ture, inasmuch as not all cases are being reported. Wolferth and 
Wood^ state that, in about a thousand electrocardiograms, one case 
ma}’' be encountered in which an abnormally short P-R interval is 
associated with a -sndened QRS complex, and that the latter is markedly 
al}errant in its initial portion. In a series of 933 patients who had elec- 
trocardiograms at this station hospital in the past year, this electro- 
eardiographie pattern was found three times. 

All authors agree that this syndrome, per se, is not indicative of 
organic heart disease. In the series of eleven cases reported by Wolff, 
Parldnson, and White^ there w^ere only two cases in which there was 
evidence of organic heart disease. In Wolferth and Wood’s* series of 
nine cases, there were also two patients with organic heart disease. 
The majority of these patients give a history of attacks of paroxysmal 
tachycardia of many years’ duration. 

In the three eases encountered at this hospital there was no evidence 
of organic heart disease in two, whereas, in the third, which is de- 
scribed in detail below, there was evidence of active rheumatic fever 
and rheumatic heart disease. Furthermore, this patient ndth rheu- 
matic fever was the only one who gave a history of paroxysmal tachy- 
cardia-, he had had it for five years prior to admission. One of the 
patients had no pre-vious history of any consequence, but the second 
gave a history of recurrent premature contractions for many years. 

Three theories have been suggested as an explanation for the syn- 
drome 

1. It. is nodal rhythm or tachycardia, with aberrant conduction in 
. the ventricle. 

2. It is regular sinus rhythm, with functional intraventincular block. 

3. It is regnlar sinus rhythm, with a shorter aberrant pathway be- 
tween the sinoauricular node and ventricular musculature. 

Received for publication July 3, 1944. 
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with a rate of 170 per minute (Fig. 2). The aherraut QKS complexes 
were replaced by normal ones, as is characteristic of tlie IVollf-Parkiii- 
son-White syndrome during paroxysmal tachycardia. 

This tachycardia was stopped by the Yalsalva experiment, after the 
various other methods, usually employed, had failed. Another tvaem". 
tahen immediately after the cessation of the attack, .showed an unusual 
feature of the 'Woltf-Parkinson-AYhite syndrome, i.e.,' alternation oi 
normal P-K intervals and normal QRS complexes with short P-R inter- 
vals and widened, aberrant QRS complexes (Fig. 3). Earlier during 
his stay in the hosiiital the patient had developed sinus taehyeardiu 
with a rate of 120 per minute and with a return of normal P-R inter- 
vals and normal QRS complexes; this was proved elect rocardiographi- 
cally. After the conclusion of this attack, also, a tracing showed the 
same alternation of normal and aberrant complexes as in Fig. 3. 

Subsequent electrocardiograms, taken April 22, 1944, one week after 
the tracings shown in Pigs. 2 and 3, again showed the characteristic 
Wolff -Parkinson-^Vhite sjmdrome, as Pig. 1. 

CO^niENT 

The interesting electrocardiographic anomaly of a prolonged QH!r5 
complex with a short P-R interval, wliich usually oeeins m healtliy 
young pomons, was eneoxintered in this ease of rheumatic fever. How- 
ever, since this patient gave the u.sual history of paroxysmal tachy- 
cardia, in this ease, for five years, one is inclined to regard the rheumatic 
fever and the electrocardiographic anomaly as coincidental. 

The intere.sting feature in this ease w'as the alternation of regular ami 
aberrant beats after an attack of sinus tachycardia and also after an 
attack of paroxysmal nodal tachycardia. 

Such alternation is no doubt an^ unusual occurrence in this syn- 
drome, and perhaps lends weight to the theory that a sliorter pathway, 
the bundle of Kent, does exist, and that the impulses travelled alter- 
nately along the bundle of Kent and the bundle of Ris to i)roduce such 
an electrocardiographic picture. 

CONCLUSIONS 

1. In a series of 933 imtients who had electroeardiogram.s, the Yollf- 
Parkin.son-Y'hitc .syndrome was found three times. 

2. The i>atient de.scribed in this report' xyas admitted to the hosj)itai 
because of acute rheumatic fever, but, in addition, had a history of re- 
eurreut paroxysmal tachycardia for the preceding five years. 

3. The rheumatic fever and the .short P-R, jirolonged QRS syndrome 
Were probably’ only coincidental. 

4. The unusual phenomenon of normal P-R intervals and normal Qh’S 
eompIexe.s alternating with the .short P-R intervals and aberrant QfiS 
complexes of the so-called Wolff-Parkinson-White .syndrome vm.s oh- 
servetl in this case. 

T!if uiitlior to Iii-* .‘tpprf-uitjiiu and thani.-s to Captain It. I- yioim 

for ■valuable guidance and help in thi-j htudy. 
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■ 3.— Apnl 15, 1944: Normal P-R intervals and QRS complexes alternatimr 

Wolff- Parkinson-White syndrome immediatelv after cessation of 
artack. or paroxysmal nodal tachycardia. 







aOilPAEISON OF THE THEllAPEUTIC EFFECTIVENESS OF 
SBRTOI AND SODimt CHLORIDE IN SCALD SHOCK 


O.scAK Hechter, Ph.D., H. C. Bergman, Ph.D., and 
^Iyron Prinzmetal, ^LD. 

Los AngeIjES, Calif. 

A S A result of the present war, burns and shook following burns 
, have assumed increasing importance because of their high fre- 
quency among members of our Armed Forces and also among the 
civilian population. As yet, there is a marked difference of opinion re- 
garding the treatment of these conditions. It is the purpo.se of the 
group of experiments presented here to ascertain more effective method.s 
for the treatment of shock. 

One of the chief aspects of the treatment of burn shock, as well as 
other types of traumatic .shock, is the admini.stration of fluid to help 
restore the lowered blood volume to normal. The solutions which have 
been used to replace vascular fluid lo.ss arc numerous, and include normal 
saline, glucose or glucose-saline solutions, saline solutions containing 
colloids such as .serum albumin, gum acacia, or gelatin, blood serum or 
plasma, and whole blood. Because the vascular tluid lost in burns i.s 
e.ssentially plasma, treatment with plasma or serum has appeared to he 
most logical, and is accordingly regarded as the most acceptable form of 
tluid therapy in burn shock.* Although isotonic sodium chloride .solu- 
tions have been used in burn shock with good results by many, including 
Davidson,*' it is felt that such a colloid-free solution is only temi)orarily 
effective in shock, presumably becau.se the colloid osmotic pre.ssure of the 
animal’s serum j)rotein.s is dimini.shed by the .saline infusion, with suh- 
.sequent leakage of the administered fluid from the blood stream. To 
remove thi.s deficiency, various colloids have been di.ssolved in saline 
solution, among which may be mentioned gum acacia, gelatin, and, more 
recently, bovine and human .serum albumin. 

Recent work, however, suggests that the concept which emjdiasizcs the 
colloidal o.smotic pre.ssure of serum proteins may be inadequate to e.x- 
plain the therapeutic activity of |)lasma or serum in certain types of 
shock, 'rims, ;Mylon, V'internilz, and do Siito Nagy‘ have presented 
evidenee that there i.s a labile faetor in plasma which, indejjcndcnt of 
colloid o.smotic action, reduce.s mortality in tourniquet shock in dog.s. 
We have, found in .mimals, ■ us wais independently olwervod by Ro.scu- 
thal,“ that .sodium chloride has antiburu shock activity, thus confirming 

Erntti the Slntust He..>eareh latbotutory, cvaur.> ef l^-b.mon Un.Mplbil, ami the t.'nl- 
V(.r.*tty of SouUiern Culifornm Moilicul Svhool. 

.Video by rt'raiiU froiu tlu: BlfincUt- May Svlden Fund, the .M.trUnt H-fU 

MeniorhsI Fund. K. nrttv, Morton May. Waltt-r Klr.'vclincr, nntl Mr. .ind Mi.-;. S. Mar*. 
K*t-i-iv<d for publi'-^itii n July 3 . 11>H. 
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150 to 200 grams, were scalded at 70° C. for ten seconds. TJie agents 
under investigation were administered approximately one hour after 
scalding (unless otherwise stated) to animals which -were not at that 
time moribund, and a similar group, which received control solutions or 
no treatment, served as a control. 

A. Influence of Route of AdndnistruUon on Activiti/ of Sodium ('Ido- 
ride. — In evaluating the influence of the route of administration on the 
therapeutic activity of sodium chloride, Kosenthal' emududed that intra- 
venous administration was less effective than oral or intraperitoneal 
administration. In view of the importance of a.scertaining whether the 
intravenous route is, in reality, Ic.ss effective than the oral or intra- 
peritoneal, the effectiveness of administering sodium chloride by these 
various routes has been evaluated by repeated testing. 

In these experiments, mice were divided into five groups one hbnr 
after scalding; one group served as a control, rnd the other groui)s 
received 1 e.c. of 0.9 per cent .sodium chloride .solution either intra- 
venously, intramuscularly, intrai)eritoncallr, Or orally. Table I give.s 
the results obtained in four trials on 481 mice and in one experiment 
with forty-four rats. It will be seen that saline, independent of tlio 
route of administration, inci-eased the average survival time and de- 
creased the mortality. The average suivival time was incrca.sed 84, 95, 
100, and 69 per cent by giving isotonic .salt .solution by the inlravcnoils, 
intra peritoneal, oral, and intramu.scular routes, respectively, in the four 
experiments in which mice Avere employed. Althougli it might appear 
that the re.sults with the intra\'enou.s and intramuscular routes Avero 
.somewhat !e.ss .satisfactory than Avith oral or intrai)eritoncal adininls- 
t ration, these differences are not significant in view of the Avide variation 
in the method. In individual trials, it Avill be seen that saline intra- 
venously may be better, the same a.s. or avoiaso than .saline administered 
by mouth or intrapcritoneally. The sui’vival time was increased oA'cr 
the untreated controls by 28, 26, 31, and 17 per cent by administering 
saline by the intravenou.s, intrai)eritoneal, oral, and intramii.scnlar routes, 
respectively. Again, these values are not significantly different. It h 
apparent that had only one e.xperiment been performed, erroneous con- 
clusions may have been deri\-ed, although it is possible by chance that 
correct evaluation may have been obtained. It would therefore .scent 
that tiie route of administnition lias little effect upon the antiburn .shock 
activity of sodium cliloride. 

B. Comparison of the TIk rnpeutir Acliriftj of Sodium Succinate and 
Sodium Chloride. — 'rite fact that .sodium chloride lias therajtcutic ac- 
tivity in thi.s tyja* of burn shock rai.ses the (piestion as to which iftn i.s 
the imjiortant agent, in te.-^ting this point, an Isotonic .solution of .sodium 
succinate Avas comimred to i.sotonic .sodium chloride; both .solutions were 
given by mouth, one hour after scalding. Attention wa.s given the pos- 
sibility tlial the .succinate posM'-s-iCd .specific therapeutic iictivity in .shocti, 
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earlier clinical observations. In further studies, Eosenthal showed that, 
in mice, the therapeutic activity of sodium chloride in burn shock is de- 
pendent upon the sodium ion,^ and that the therapeutic action of serum 
ill tourniquet,^ as well as burn, shock" can be explained in terms of 
the sodium content of the serum. 

Therefore, it would appear that serum and plasma maj' be thera- 
peutical^ active in shock because the administered fluid contains: (a) 
sodium, (b) proteins which possess colloid osmotic activity, or (c) the 
labile factor of Mylon and his co-w^orkers. Having developed a stand- 
ardized method for evaluating therapeutic agents in burn shock, we have 
studied the relative importance of the above factors wdtli respect to the 
therapeutic activity of serum in shock. 

In addition, evidence has been obtained on the following questions of 
practical importance, (a) Is w-ater bj' moutli harmful, as claimed by 
some?" (b) Is sodium chloride more effective in burn shock when ad- 
ministered orally or intraperitoneally than by the intravenous route?" 

METHOD 

The details of the method used in these studies have been described in 
a previous report,” and may be summarized as follows. The time-moi’- 
tality curves of groups of rats or mice treated with the agents under 
investigation are compared wuth those of suitable control groups after 
both groups have been subjected to thermal injury under identical con- 
ditions. Standardized thermal injury is administered by immersing the 
entire body, except the head and neck, of etherized animals into scalding- 
water for definite periods of time. Anesthesia was complete, and the 
animals had no pain. The experiments are terminated forty-eight hours 
after the infliction of thermal injury, and the average siu’vival time and 
the percentage of survivors are a.scertained. It has been found, using 
groups containing as many as tw'enty to thirty animals, wherein variable 
factors, such as the degree of thermal injury, body weight, sex, strain, 
pre-experimental nutritional regime, and hydration, are adequately con- 
trolled, that variations in either the average survival time or in per- 
centage mortality occur between untreated groups wliich are statistically 
significant. This means that a variable is operative in the method which 
may give rise to erroneous evaluation of antiburn shock activity. It is, 
therefore, apparent that an inactive substance, in a single test, using 
as many as thirty animals to a group, may appear to have therapeutic 
activity. Contrariwise, it is possible to obtain apparently negative re- 
sults with a therapeutically active agent. However, it has been showm 
that, by doing a large number of experiments, this difficulty is over- 
come if therapeutic activity be evaluated by the consistency with which 
responses are obtained. Thus, an active therapeutic agent, on repeated 
testing, using groups of tw^enty to thirty animals, although it show's an 
occasional negative result, will, in the majority of tests, elicit positive 
responses; and conversely, inactive substances wfill show negative re- 
sults in most tests, although occasional positive responses may be ob- 
. tamed. 

In these experiments, the usual method of producing burn shock was 
to immerse anesthetized mice, w'eighing approximately 20 grams, for 
ten seconds in water at 65° C., wdiereas etherized rats, weighing from 
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in view of tlie report liy i\iylou, ct al.,^ that .sueeinate treatment in- 
creased the .survival time of dogs .subjected to tournifiuet shock. 

Table 11, A shows the results obtained on 331 mice in live trials. It 
will be seen that, on the average, sodium chloride increased the .suivival 
time 144 per cent, whereas sodium succinate increased it 140 jier cent. 
The siH'vival was increased 28 and 27 per cent by sodium chloride and 
sodium succinate, respectively. These data demonstrate that .sodium 
succinate is as effective as, but is not superior to, sodium chloride. This 
confirms Rosenthal’s contention concerning the importance of the so- 
dium ion. Further, these data show that the succinate ion, in tlie do.sages 
employed, is without benefit in scald shock. 

C. Comparisoix- of Isotonic Glucose With Sodium Chloride . — The ([ucs- 
tion arises whether isotonic salt solution is useful in this type of .shock 
by virtue of its sodium content, or because it is isotonic. To answer 
this question, the effectiveness of isotonic sodium chloride was compared 
to that of isotonic glucose, given intravenously. 

Table II, B illustrates the results obtained on 478 animals in seven 
trials. It will be seen that glucose, on the average, increased the sur- 
vival time 82 per cent, and the percentage of survivoi-s, 8 per cent. 
Saline is more effective than gluco.se because the survival time was in- 
creased 124 per cent, and the percentage of survivors was increased 24 
per cent. Saline was definitely active in five of the seven trials, whereas 
glucose was superior to the control in only three of seven instances. In 
comparing glucose and saline, it was ob.served that glucose was definitely 
inferior in five of the seven trials. The.se data, therefore, demonstrate 
that, although glucose is somewhat effective, an equivalent volume of 
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Strongly suggests that the colloid osmotic aetivitj- of protein in this form 
of burn shock luis little inlluence on survival. To check this conclusion, 
the effect of gelatin was ascertained, for gelatin possesses colloid osmotic 
activity and is useful as u plasma substitute.^®’ 

The gelatui solution used in these experiments was prepared by auto- 
claving a 0 per cent solution of gelatm (Wilson), dissolved in isotonic 
glucose solution (5.5 per cent) for fifteen minutes at 25 pounds’ pres- 
sure. The effectiveness of this gelatin-glucose solution in decreasing 
mortality was compared to that of a solution of glucose, employing 
mice as the test animals. The solutions were injected intravenously, 
approximately one hour after thermal injury. 

The results obtained on 307 mice are shown in Table II, D; they dem- 
onstrate that the addition of gelatin to isotonic glucose solution does not 
increase the therapeutic aetivitj’, as should be the ease if the colloid 
osmotic activity of protein were important in this type of burn. 

DISOUS.SIOX 

Using the scalding method for the production of burn .shock, it has 
been found on repeated testing that isotonic sodium chloride solution 
is eqiuLlly effective when administered intravenously, intraperitoncally, 
intramuscularly, or oimlly. This contradicts the contention that saline 
intravenously is less effective than e(iuivalcnt volumes administered by 
the oral or intraperitoueal route.' 

Ill comparing the therapeutic activity of sodium chloride with sodium 
succinate, ecjuivalent results were obtained, as has been previously re- 
ported by Rosenthal, thus confirming the view that the sodium, and 
not the chloride, ion is re.sponsible for the thcj’apeulic response obtained 
with saline.’ In view of the report that succinate Ls therapeutically 
useful in tourifniuet shock,* the demonstration that sodium succinate 
was not .superior to sodium chloride serves to indicate that siiccijiate, 
in the do.se.s employed, was without specific therapeutic value in this 
type of shock. 

The fact that Isotonic glucose solution, although it is effective in 
decreasing mortality, is less active than an efiuivalent volume of .sodium 
chloride deinonsti*ates that the activity of the sodium is not merely one 
of simple replacement of isotonic iluid, and suggests that the sodium 
has a specific action in combating this type of burn shock. The fact 
that glucose is helpful may be due in i)art to simple Iluid replacement 
or to a possible specific effect of glucose. 

It has been found that the ora! administration of water is not to.vic, 
as some believe,’ but may po.ssibly be of some benefit. 

Finally, it luis been shown in this type of burn shock that the intni- 
venous administration of protein, which has colloid osmotic activity, 
does not inllueiiee survival after thermal injury, for it has been .shuun 
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sodium chloride lias a therapeutic action over and above that of fluid 
replacement, as represented by glucose administration. The results with 
glucose do not permit conclusions to be drawn as to >vhether the glucose 
or the fluid is responsible for the decreased mortality observed. 

: D. Effect of Water by Mouth. — In view of the fact that many patients 
in shock are thirsty, it is important to know the effect of The oral ad- 
ministration of water. Does water help in shock, or is it actually 
deleterious, as has been reported P To obtain information on this point, 
the effect of giving water by mouth was compared with that of orally 
adiiiuiistered isotonic salt solution. 

Table II, C shows the results obtained on 495 animals in seven trials. 
It is evident from repeated testing that, although water is less effective 
than saline, it is, nevertheless, not toxic. On the contrary, water may 
slightly decrease mortality, although the data are not sufficient to draw a 
final conclusion regarding this point. 

i E.. Gompanson of Homologous Serum With Sodium Chloride. — It has 
generally been held that serum or plasma is therapeutically superior to 
saline intravenously in burn shock. This view, however, is not supported 
by Rosenthal," who, in a single trial, showed that saline was as effective 
as homologous serum in decreasing mortality among mice after scalding. 
It was important to ascertain whether or not saline is actually as effec- 
tive as serum in this type of burn shock. 

In these experiments, rats were the test animals. Rat serum was com- 
: pared to an eciuivalent volume of saline, and both solutions were given 
via the tail vein after scalding. Table III shows the results obtained 
on 216 animals. It will be seen that, under the conditions of these 
experiments, saline was as effective as serum, and it thus appears that 
the therapeutic activity of serum can be ascribed to its sodium content. 

E. Comparison of Gelatin-Glucose With Isotonic Glucose Solution . — 
The fact that saline was as effective as serum in reducing mortality 


Table III 

REL.VnON OF INTKAVENOUS AD-MUTISTRATION OF SALINE AND SeRU.M TO SCALD SHOCK 


FROOEDURE 

FLUID 

INJECTED 

AS 

PERCENT- 
AGE OP 
: BODY 
■WEIGHT 

1 

TI-ME OP 
INJECTION 

AFTER. 

SCALDING 

(HR.) 

NUMBER 

OF 

RATS 

AVEILVGE 

SURVIVAL 

TIME 

(HR.) 

SURVI- 

VORS 

(%) 

INCREASE 

IN 

AVERAGE 

SURVIVAL 

TIME 

OVER 

CONTROLS 

(%) 

INCREASE 

IN PER- 
CENTAGE 

OP SUR- 
VIVORS 

OVER 

CONTROLS 

^0 treatment 


21 

10.6 

5 



Saline 

4% 

1.0 

29 

24.S 

28 

134 

23 

Serum 


) 

28 

22.8 

21 

115 

16 

treatment 2% 

1.5 

13 

12.7 

15 



Saline 

(adminis- 

and 

46 

27.4 

39 

116 

24 

«erum ■ terecl twice) 4.5 

41 

31.2 

34 

146 

19 

Saline ■ 



19 

27.2 

32 



Serum 

2% 

1.5 v 

19 

25.3 

16 
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CONCLUSIONS 

1. Sodium chloride has therapeutic activity in burn shock, and the 
therapeutic agent appears to be the sodium ion. 

2. Sodium chloride appears to be equally effective when administered 
by the intravenous, oral, intraperitoneal, or intramuscular routes. 

3. The therapeutic activity of sodium chloride cannot be explained 
as due to simple fluid replacement, for equivalent volumes of isotonic 
glucose are less effective. 

4. The oral administration of water is not deleterious, and may 
actually be of slight benefit. 

5. The therapeutic activity of serum ajipears to be due to its content 
of sodium, for it has been showm that (a) serum is no more effective 
than eiiuivalent volumes of saline, and (b) the colloid osmotic activity 
of gelatin solutions has no influence on mortality. 

6. There does not seem to be a specific antishoek factor in serum. 

7. These conclusions hold for the specific type of shock in rats and 
mice which follows scalding, and cannot as yet he applied to other 
forms of shock. 
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that saline is as effective as sernin and ..that the addition of 5 per cent 
gelatin to isotonic glucose solution does not enhance the therapeutic 
effect. It may be pointed out that if there is a labile factor in plasma 
which exerts some specific therapeutic action in shock, as Mylon, Win- 
ternitz, and de Siito Nagy^ have suggested, these experiments demon- 
strate no such activity in serum in scald shock. 

In considering the significance of these results for clinical burn shock, 
it should he emphasized that the method employed in these studies 
subjects a relativelj^ large surface of the body to relativelj^ low tem- 
peratures, vai’jdng from 65® to 75 ° C. On the other hand, burns by 
very high temperatures, involving a relatively small surface of the 
body, also produce shock. In the latter instance, injury to tissues 
beneath the skin occurs, -whereas, with low temperature burns, the 
damage produced in our experiments was restricted to superficial tissues. 
It does not necessarily follow that, because shock develops in both 
mstanees after thermal injury, the mechanism of shock production is 
similar. Elman^- has also suggested this difference. 

With this point of view, the results of this study may prove to be 
applicable to the clinical shock which follows superficial burns involving 
large areas of the bod}". In this type of burn, it would appear that 
saline treatment should be effective by all routes of administration. 
There would appear to be no necessity to administer isotonic sodium 
salt solution in clinical burn shock by the oral route exclusively, as 
has been so successfully done by Fox,^^ for the view that intravenous 
treatment is ineffective has been shown in this study not to be tenable. 
Although the oral route admittedly has marked advantages over other 
routes of administration in those instances in which, for one reason 
or another, salt solution cannot be given by mouth (i.e., patients with 
burns involving the mouth, throat, etc., or patients with persistent 
vomituig), the intravenous route, combined with hypodermoclysis, may, 
possibly be used advantageously. In most instances, however, the treat- 
ment advocated by Fox would appear to be most efficacious for practical 
purposes. 

There would appear to be no contraindication to the administration 
of water because of a postulated toxic action, for it has been sho-wn 
that water is without toxic effect, and may, in fact, be of slight value. 
Water, however, is much inferior to the oral administration of isotonic 
salt solution. 

It must be emphasized that the above conclusions are applicable to 
the shock resulting from this type of experimental thermal injury. 
Although EosenthaP has shown that a similar situation may exist in 
tourniquet shock, it would appear premature to apply these sugges- 
tions to all types of shock. It is possible that shock due to burns may 
be of several types, and each tjTpe may require a different kind of 
therapy. At the present time, we are investigating this point. 
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Table I 


Effect of Xephuectomy ox RESiSTAXtE io Bukx Shock 


PKOCEDUBE 

XClIBEIi 

OF 

P.ATS 

AVEii-VGE 

SCKVIVAL 

TI.ME 

(UP..) 

SURVI- 

VORS 

(%) 

TIAtE OF 50% 
MORTALITY 
(UR.) 

1 

IXCrJLVSE 
IX AVERAGE 
SURVIV.VL 
TI.\IE OVER 
CO.VTr.OLS 
(^/c) 

ixcmuss 

IX 

SURVIVORS 

OVER 

COXTltOLS 

(‘it) 

Nephrectomy 

15 

29.7 

0 

21 



SIkiui 

15 

40.3 ■ 

S7 

(48 - 13%) 

-26 

-ST 

Nephrectomy 

11 

23.4 

0 

16 



yham 

10 

40.0 

60 

(48 - 40%) 

-42 

-CO 

Nephrectomy 

15 

21.0 

0 

16 



Sham 

15 

.36.5 

53 

(48 - 47%) 

-42 

-0.'! 

Nephrectomy 

10 

19.2 

0 

16 



Sham 

10 

45.6 

70 

(48 - 30%) 

-58 

-70 

Nephrectomy 

10 

16.5 

0 

16 



Sham 

10 

33.0 

30 

40 

-50 

-30 

Nephrectomy 

10 

27.6 

0 

23 



Sham 

10 

43.2 

70 

(48 - 30%) 

-36 

-70 

Nephrectomy 

10 

23.9 

0 

16 



Sham 

10 

44.8 

90 

(48 - 10%) 

-47 

-90 

Nephrectomy 

■ 10 

24.5 

0 

H) 



Slium 

10 

;u.4 

50 

10 

-29 

-.10 


Table I show that nepliiectomizecl animals uniformly hail a sijtnificant 
decrease in percentage of survival rate and a decrease in the average 
sunival time. 

The above experiments demonstrate tliat nephreetomi/.ed animals have 
decreased resistance to thermal injury. However, it would be erroneous 
to conclude Horn tliese data that this lowered resistance is due to the 
absence of the renal pressor .system. It is evident that removal of the 
kidneys also removes their excretory function, and it is therefore pos- 


sible that the differences observed could be due to the effect of renal 
excretory insufficiency. 

Expenmont 3. Compurison of Ncphrcctumizcd and (Jrctcr-Li<j(dcd 
Hats . — To ascertain whether the decreased resistance of ncphrcctomized 
I’ats to scalding is due to removal of the renal pressor .systein or to 
excretory insufficiency, ureter-ligated rats were compared to neplu-ec- 
tojiiked animals. The experiment was designed to produce an approxi- 
mately equal degree of exei-etory insufficiency, but the ureter-ligated 
annuals pos.'iCs.sed an intact, but perl)ai)S not completely functiuniug, 
rx'ual pressor .s-y.^tom. Therefore, if the renal pre.ssor .system has anti- 
burn shock activity, the ureter-ligated animals .should be able to with- 
stand shock due to burns better than the nephrectomized animals. 

To test this point, four ex{»eriments, lusing a total of one hundred 
seventeen rat.s, were performed, ff'he ureter ligations were performed 
through bilateral lumbar incisions; the ureters were ligated near the 
renal pelvds. .'^inec ureter ligation does not i)roduce immediate e.xcretory 
insufficiency, because for a short while urine i.s excreted into the renal 
jn-lvls, the ureter ligations were performed five to six hotns prior to 
.scalding, whereas the nephreetorni/.r-d rats were burned three to unit’ 
hours after the operation. 







THE ROLE OP THE RENAL PRESSOR SYSTEM IN 

BURN SHOCK 

Oscar Hechter, Ph.D., H. C. Bergman, Ph.D., and 
jMyron Prinzmetal, M.D. 

Los Angeles, Calif. 


I T HAS been reeeiitl}’- shown that, in certain hypotensive states, renin 
is released from the kidneys.^'^ This may represent a homeostatic 
mechanism for maintaining arterial pressure, and would appear to be 
important in the hypotension which often accompanies shock. In fact, 
BahnsoiP found that nephrectomized rats had a greater fall in arterial 
pressure and died after the removal of smaller amounts of blood than 
did sham-nephreetomized controls. A priori, one might not expect that 
the renal pressor system would be of great importance because of tachy- 
phylaxis due to the rapid exhaustion of liypertensinogen. Having de- 
veloped a method for producing standardized shock,^ we undertook ex- 
periments to ascertain whether or not the renal pressor system has any 
effect on survival time and mortality of rats subjected to a scalding burn. 

Experiment 1. Effect of Nephrectomy on Resistance to Burn Shock. 
— If the renal pressor system is important in combating shock due to 
thermal injury, nephrectomized animals which are unable to secrete 
renin should be less resistant than animals with intact kidneys. This 
lowered resistance should be evidenced by an increased mortality and a 
decreased survival time after thermal injury. 

Long-Evans rats, w^eighing 150 to 265 grams, were used in these and 
subsequent experiments. The animals w^ere etherized, and the Iridneys 
were removed through lumbar incisions. The control animals for this 
experiment were sham nephrectomized in a manner designed to repro- 
duce the trauma and manipulation involved in the nephrectomy oper- 
ation. 


Three to four hours after the operation, the resistance of nephrec- 
tomized and sham-nephreetomized animals to burn shock was evaluated 
by the following procedure. The entire body, except the head and neck, 
of etherized animals wns immersed in water at 70° C. for ten seconds. 
After the scalding, the two groups were separated, placed in cages, and 
observations on survival were made during the next forty-eight hours. 
The time mortality curves for both nephrectomized and sham-nephrec- 
tomized animals wnre compared in eight experiments, using a total of 
ninety-one nephrectomized rats and ninety control rats. The data in 
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Table IT, 

Comparison op Nephrectomize'd and Ureter-Ligated Kats 


PROCEDURE 

NUMBER 

OP R-vrs 

. AVER-\.GE 1 

SURVIVAL 
TIME (HR.) 

SURVIVORS 

'■ (%)^ .. ! 

.TIME OF 50% 
MORTALITY 
(HR.),- 

Neiilnectoluy 

20 

37.9 

45 

. 40 

Ureter-Ligated 

20 

32.7 

,0 

40 

Neplirectoiiiy 

15 

23.0 

' 9. 

22 . 

Ureter-Ligated 

15 

26.0 . 

- .0 

-. 14 . 

Neplirectoiny 

15 

17.0 

0 

■14 

Ureter-Ligated 

15 

IG.O 

0 

. 14 

Neplirectomy 

12 

27.1 

0 

19 

Ureter-Ligated 

5 

15.0. 

■ 0 

16 , 


The results obtained in this experiment are shown in Table II. Il 
will be seen that the ureter-ligated animals did not exhibit superior re- 
sistance to scald shock, as compared with nephreetomized rats. Non- 
protein nitrogen estimations performed on preagonal animals revealed 
equally marked elevations in both groups. 

These re.sults demonstrate that the renal pressor system, which is 
present in ureter-ligated animals, had no effect on resistance to burn 
shock. Although ureter ligation is said to stimulate the renal pre.ssor 
system, temporarily at least, with'resultant hypertension,'’ evidence has 
also been presented that, in more prolonged experiments, ureter, ligation 
- may inhibit the renal pressor sy.stem.^ This' experiment would seem to 
demonstrate that the renal pressor system is unimportant, for animals 
with an intact renal pressor system and renal excretory insufficiency 
were not more resistant than animals with an etiual degree of excretory 
insuffieiency. 

Experiment 3. The Effect of Renal Excretory Insufficiency . — In the 
first experiment, it was shown that nephreetomized rats are less able 
to withstand thermal trauma than are sham-nephrectomized rats. It was 
suggested that this could have been due to renal excretory insufficiency. 
Examination of the data revealed that the nephreetomized animals died, 
in the majority of instances, between sixteen and forty hours after 
trauma; the average was twenty-four hours. In order to ascertain 
whether the lowered resistance to trauma was due to renal insuffieiency, 
the effect of this factor was studied in the following manner. It was 
felt that if impairment of the renal excretory function ivas important, 
animals nephreetomized twenty-four hours previously should be more 


Table III 


Effect op Eenal Excretory Insufficiency 


SG.VIiDING 

time after number 

NEPHRECT’O.MY OP RATS 

(mt-) . . 

~~T~~ 12 

^24 , 11 

4 J2 

24 - 12 


AVERAGE 
SURVIVAL TIME 
(HR.) 


SURVIVORS 

(%) 


40.G 33 

19.G 0 

27.1 0 

13.G 0 


TIME OP 50% 
ilORTALITY 
(HR.) 

40 

IG 

19 

IG 
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or to the uprraliou oi the venal iivcs'^ov system. It was next ^hown that, 
if i)ie factor of renal iii.'sufficieney was controlled Uy eomparinu* meter- 
ligated aJiimaLs with ncphreetornixed animals, the prc'.ence of the rej)al 
])res.sor system was inetfective. for no ditlercnce was ob.^erved. Next, 
it was demonstrated that a twenty- tour- hour jwriod of renal inhuftieieiiey 
markedly decreased resistance to burn shock, thus ex])laining the de- 
creased resistance of the nephreetomized animals in the experiments uf 
lonuer duration. Finally, it was shown that there is no difference be- 
tween neplireetomized and sham-nephrectomized animals *if they arc 
traumatized sufficiently to kill the animal before renal insufficiency be- 
comes marked. 

These results, demonstratin'; the ineffcctivene-ss of the icnal pressor 
system in burn shock, do not disprove the existence of the renal ine.vsor 
system. However, it is clear that, in the type of trauma employed in 
these exi)eriment.s, this system had no iidluence on survival. Whether 
or not the renal pressor system ma\ have raised the blood prcsNUrc of 
our animals was not ascertained. 

Renal e.xcretory in.sufficieney has been found to occur (juite fretiuently 
in shock, and, becaase^of its deleterious elfect, attempts should bo made 
to control this factor in the treatment of patients in shock. 

( ONCI.I’.'.IOXS 

1. It was found that the renal prcssoi* system has no influence on 
either mortality or survival time in burn shcjck. 

2. Henal excretory insuffi<dency decrea.ses the resist anee of animals 
to hum shoek. This faetor should he eonsidered in the tj-eatment oi 
))ati>-j)f.s jji i,)iofk. 
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sensitive to thermal trauma than animals nephreetomized only a short 
while prior to trauma. 

The results of two experiments, using a total of forty-seven animals, 
are shown in Table III. • It will be seen that rats which were nephrec- 
tomized twenty-four- hours previously were markedly less resistant than 
recently nephreetomized rats. This, then, demonstrates that a period 
of twenty-four hours of anuria significantly decreases the ability to 
withstand burn shock, and explains the decreased resistance of nephrec- 
tomized animals observed in Experiment 1. In passing, it may be of 
interest to point out that this observation may be of clinical significance, 
for it might explain the low resistance of patients with severe renal in- 
sufficiency to operative procedures. 

Experiment 4. Effect of N eplirectomy in Severe Shock . — To provide 
further evidence for the view that the decreased resistance of the ne- 
phrectomized animals in Experiment 1 was due to renal insufficiency, 
and not to the absence of the renal pressor system, the following experi- 
ment was performed. By increasing the degree of thermal injury, ani- 
mals are made to develop shock and die rapidly. If, under these con- 
ditions, nephreetomized rats be compared with sham-nephrectomized con- 
trols, the factor of renal insufficiency becomes less important because the 
animals die before the renal insufficiency becomes marked. If the renal 
pressor mechanism is effective, sham-nephrectomized rats should be more 
resistant than nephreetomized rats under these circumstances. 

Five experiments were performed in which nephreetomized and sham- 
nephrectomized animals were anesthetized and then scalded at tempera- 
tures varying from 75° C. to 90° C. from ten to twenty seconds. These 
conditions produce a greater degree of thermal injury than that ob- 
tained in all of the previous experiments. This is evident from the fact 
that the control animals died rapidly, with an average survival period 
varying from three to t^venty-three hours, in contrast to Experiment 1, 
in which the average survival time varied from thirty-three to forty-five 
hours. 

The results (Table IV) show that, under these conditions of rapid 
mortality, there is no significant difference between nephreetomized and 
sham-nephrectomized rats. Thus it is clear that, when the factor of 
renal insufficiency is largely eliminated, the renal pressor system of the 
sham-nephrectomized rats had no significant effect upon mortality and 
survival time. 

DISCUSSION 

Experiments were desigued to ascertain the role of the renal pressor 
system in scald shock. It was first JEound that nephreetomized animals 
appeared to be less resistant to shock than control animals when the 
degree of thermal injury was such that the control animals died with 
average survival periods of thirty-three to forty-five hours. It was 
thought that this might be due to either the effect of renal insufficiency 
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the rats become exceedingly inntable. Wlien such a rat is placed in a 
separate cage, it •nili bite its cyanotic Imibs ; or, if several rats are placed 
in the same cage, the animals will bite one another. The amount of 
blood loss suffered is nil when the circulation is occluded, but, upon 
release of the tourniquet and subsequent reactive hyperemia, tlie amount 
of hemorrhage through these bites may be considerable. When no pre- 
cautions were taken to prevent this hemorrhage, it was observed in 
thirty eases that rats subjected to five-hour hind-leg ischemia regu- 
larly died after release of the tourniquets. When, however, biting, 
and, therefore hemorrhage, was prevented by sewing the rats’ lips 
together, thirty animals whose hind-leg blood flow was obstructed for 
five hours showed only an 80 per cent mortality after release of the 
tourniquets. This indicates that removal of the extraneous hemor- 
rhage factor permits survival that otherwise does not occur. 

B. Effect of food and water: Since Hechter, Krohn, and Harris'’ 
previously reported zero mortality in ten rats subjected to five-liour 
tourniquet obstruction of both hind legs when the animals were al- 
lowed access to food and water, the effect of permitting animals to cat 
and drink after tourniquet removal was ascertained. In a series of 
sixty-four rats the mouth sutures were opened after tourniquet re- 
moval and the animals were allowed access to food and water, and it 
was found that the mortality was only 20 per cent. Remembering that 
the mortality Avas 80 per cent when the rats were not allowed acce.ss 
to food and Avater, this serA’es to indicate that markedly different re- 
.svdts are obtainable, depending upon Avhether or not the animals are 
permitted to eat and drink. 

C. Shocklike death Avithout removal of the tourniquets : It Avas ob- 
served in si.x instances that the animals died in a shocklike state 
before the tourniquets on the hind legs luere removed. In all of these 
ca.se.s, the hind legs AA-ere markedly cyanotic and Avere not edematous. 
Intru-xiortic injection of concentrated tiypan blue solution, shortly after 
the Jinimals expired, produced staining of the tis.sues above, but not 
below, the tourniquet, demonstrating that the blood flow to the.se limbs 
Avas effectively occluded. The fact that death occurs in animals before 
the tourniquet Ls removed is not e.xplicable in terms of local fluid loss, 
nor is it likely that death Avas due to toxic substances formed in the 
i.sehemie areas distal to the tourniquet. The possibility that the .shock 
state developed ns a result of mu.scle crushing aboA'e or beneath the 
totirniquet seems unlikely, for the area damaged in this fashion by u 
rubber band is relatively small, ajid previous Avork'^ has shoAvn that 
large areas of muscle in rats may be tr.'iuinatized Avithout the develop- 
ment of .shock. 

D. Edema in occluded limb.s before removad of ob.struction: Al- 
though the rubber bands Averc tied tightly in all iustance.s, it was 
observed that some animals developed significant edemxi in one or both 
of the olx-strueted limbs before the tourniquets Avere removed. This 



FURTHER STUDIES ON TTIE LIVER, PRINCIPLE WHICH IS 
EFFECTIVE AGAINST BURN SHOCK 

Oscar Hechter, Ph.D., H. C. Bergman, Ph.D., Leo Smmrstein, Ph.D., 
Roy Fisk, Ph.D., George Feigen, B.S., and Myron Prinzmetal,, M.D. 

Los Angeles, Calif. 

I N PREVIOUS work from tkis laboratory, it has been shown that 
there is a princij)le in liver extract which, when administered intra- 
peritoneally or snbeiitaneonsly prior to thermal injury, significantly 
decreases the acute mortality arid prolongs the survival time of rats 
and mice subjected to a standardized scalding procedure.^ The pres- 
ent work was undertaken to ascertain whether liver exerts activity in 
types of shock other than that produced by scalding. We have, there- 
fore, attempted to evaluate the action of liver extract in the shock 
produced by subjecting rats to temporary hind-leg ischemia; to an 
exudative inflammatory reaction, “medical shock”; and to hemor- 
rhage. In addition, data are presented which demonstrate that liver 
extract is active in burn shock Avhen administered by month prior to 
thermal injury. 

effect of liver extract in tourniquet shock 

It has been regularly, observed in touiniquet shock experiments that 
shock does not develop while the tourniciuet is in place but occurs only 
after remoAml of the obstruction to blood floAV.-"* The shock Avhich 
develops after release of the tourniquets has been ascribed (a) to local 
fluid- loss into, the damaged limbs, for the application of casts to the 
ischemic limbs prevents shock;^ and (b) to the release of toxic shock- 
producing factors formed in the ischemic areas into the general circu- 
lation.-’ * Since ischemic limbs of dogs may become infected, and air 
may accumulate under the skin,’* the question Avhether the hypothetical 
toxic factor is primarily the result of the abnormal metabolism of 
ischemic tissues or is due to bacterial infection becomes important and 
has yet to be clearly ansAvered. 

After subjecting several hundred rats to tourniquet shock, it A\'as 
obsei-A'-ed that there are seA’eral complicating features, not mentioned 
■in the literature, Avhich are associated AAdth this shock-producing pro- 
cedure. These Avill be discussed separately. 

C omplica tin g Featu res . — 

A. Hemorrhage from bites after removal of tourniquets : When rab- 
ber-ban d tourniquets are placed around the thighs of both hind legs, 
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lieclations, pei itoneal exudates M'ere not observed. The deaths were due 
to baeteremia; po.sitive cultures were ref'ularly obtained from the 
blood of the infected animals. The effect of liver extract treatment in 
this type of condition is shown in Table TI; it will be seen that liver 
had no effect. Since little or no exudation was produced by these 
aftent.s, no conclusions may be drawn re^ardinj*: tlie action of liver 
extract in the shock which is as.soeiated wdth exudative inflammatory 
States. These data do indicate, however, that the shock associated with 
bacteremia induced by these oiirani.sms is not modified by liver treat- 
ment. It is of intere.st that it has recently been demonstrated that cer- 
tain types of shock after mu.scle crus}iin»f experiments on do}^s are 
of bacterial ori‘,dn.'’ It would .seem unlikely that liver extract, since 
it has no antibacterial action, Avould be effective in tho.se types of 
shock in which bacteria are of primary importance, 

Kjfict of Liver Extraet After Jlcmorrhufje . — It was observed that 
ane.sthelir.ed rats could be bled more conveniently by severin'' the fem- 
oral artery with a sharp blade than by bleediii'' from the tail, by heart 
puncture, or by withdrawiii'' blood from the femoral artery with a 
syrinire. I .sin*' this techniipic. the dcf'rec of hemorrha<'e was ascertained 
by absorbin'' the blood on weighed cotton swab.s. 

The re.sponse ot anesthetized rats to a single hemorrhage was found to 
(.iepend not only upon tlie degree of ex.sanguination, but al.so upon the 
ane.sthetie employed. Thus, when ether was u.sed, the degree of hemor- 
rhage necessary to pi-oducc 50 per cent mortality varied from 2.7 to 3 - 
per cent of the body weight. In nembutulized rat.s. however, hemor- 
rlui'ges ranging fnrni as little as 2.3 to 2.5 per cent of the body weight 
proved to be uniformly tatal. Ogtien has niade similar ob.servat ions.* 
Aftm- bleeding etherizcfl nit.s, the animals either (a) lecovered imme- 
diately and survived indefinitely; (b) died within tliirty minuter and 
.showeil, during tbi.s interval, \vmptoms of cardiovaseular and rtT.jjira- 
iory <li.>trc.vs (this is death due to aeute ex.sanguination, and i.s not 
hemorrhagic .sliuek); or u-) apjtarenfly recovered but then gradually 
declined and event nally died in a .shoeklike state. The elVect of hefooj- 
rhage on uembutali/.ed raT.s differed markedly from the results oh* 
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suggests that occliision of the arterial circiTlation by the tourniquet 
was not complete in these animals. 

Effect of Liver Extract. — Taking the above factors into account, the 
effect of liver extract upon tourniquet shock was studied in the following 
manner: Etherized animals’ lips were sewed together, and rubber-band 
tourniquets were tied tightly around both hind legs. Pour and one- 
half hours later, the animals were divided into two groups. One group 
received 1 c.c. of 15-unit liver extract intrap eritoneaUy per 100 grams 
of body weight ; the other group received an equal volume of 0.5 per 
cent phenol solution by the same route. The animals were not allowed 
food or water. One-half hour after the injection, the ties Avere re- 
moved and survival observations were made. Pour experiments, com- 
prising the results on 155 rats, are shown in Table I ; it is evident that 
liver extract treatment did not significantly alter the mortality of 
tourniquet shock in rats. 

Table I 


Effect op Liver Extract on the Mortality Produced by Tourniquet Shock 


E.YPERI- 

TREAT- 

NUMBER 

NUSIBER 

NUMBER 

MORTALITY 

MENT 

MENT 

OP RATS 

LWED 

DIED 

(%) 

1 

Liver 

12 

6 

6 

50 


Control 

11 

6 

5 

45 

2 

Liver 

19 

4 

15 

79 


Control 

19 

4 

15 

79 

. 3 

Liver 

19 

15 

4 

21 


Control 

19 

12 

7 

37 

i 

Liver 

28 

8 

20 

72 


Control 

30 

11 

19 

63 

Totals ■ 

Liver 

78 

33 

45 

58 


Control 

77 

33 

46 

60 


The shock Avhich follows tourniquet removal is apparently due to a 
complicated series of reactions which may be modified by many vari- 
ables. In these experiments, factors such as hemorrhage from bites, 
nutrition and hydration, and environmental conditions were con- 
trolled; however, uncontrollable variables, such as edema, the unknoAvn 
factor Avhich occasionally led to death before tourniquet removal, and 
possible variable degrees of infection were still operative. The fact 
that liver extract was not effective in this form of shock demonstrates 
that shock-producing mechanisms which are not modified by liver ex- 
tract treatment are responsible for death. HoAvever, the complexity of 
the tourniquet-shock syndrome permits no conclusions on this point, 
and it would be desirable to retest liver extract on tourniquet shock 
with all variables adequately controlled. 

Attempts, to Produce Shock hy Exudative, Bacterial Inflammation. 

In an attempt to simulate the shock which follows infectious states as- 
sociated with a large amount of exudation, such as occurs in peritonitis, 
mice were injected intraperitoneally with pure cultures of either Staph- 
ylococcus aureus, pneumococci, or a suspension of feces. Although the 
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tained on etherized rats in that death oeenrred after a prolonged period 
of decline which was similar to shock. It seemed clear, therefore, that 
the shoeklike state observed in nembutalized rats was due in part to 
the nembutal. Since it seemed possible to attribute death under the.se 
conditions to an impairment by hemorrhage of the mechanisms in- 
volved in the removal or destruction of nembutal, as well as to hemor- 
rhagic shock, we preferred not to use this method, althougli Engel, 
■Wintou, and Long® have made excellent observations regarding bio- 
chemical changes which occur in the shocklike state which occurs 
when nembutalized rats are subjected to hemorrhage. 

In testing 15-unit liver extract on etherized rats it was observed that 
liver extract treatment did not alter the percentage mortality or the 
average survival time of the animals subjected to a single large hemor- 
rhage. Howev'er, since the deaths which occiuTed were due to acute 
exsanguination, these data have little significance as regards the effect 
of liver in hemorrhagic .shock. 

It may be of interest that there was no etfeet of liver extract treat- 
ment upon the bleeding volume, as measured in etherized rats, using 
the aforementioned teeluiique. 

Effect of Orally Administered Liver Extract on Burn Shock . — The 
effect of ox-ally administered li\'er extract on burn shock was evaluated, 
ixsing the scalding method described previously in full detail.^ ilico 
weighing approximately 20 grams were divided into two groups of at 
least twenty animals per group, and received, by stomach tube, either 
1 c.e. of Lederle's 15-imit liver exti-act (which had been extracted with 
ether to remove tiie phenol preservative), or 1 c.c. of water. One-half 
hour later, the groups of mice were anesthetized with ether and scalded 
under identical conditions; the average survival time and the percentage 
mortality were ascertained. Six expei-iments of this typo were per- 
formed ; tlie usual condition of the scalding was an immei'sion period of 
ten seconds at (15'' C. Experiment 7 was performed with a 1 per cent 
Sodium chloride .solution, instead of water, as a control. 

Table III shows the results obtained on 325 mice. E.xaminutioa of 
the data reveals that liver extract treatment by mouth decreased tin; 
mortality 32 per cent, and increa.sed the survival time 98 per cent. 

SUil.M.UtY 

These e.xperiments demonstrate that liver extract, which has .signifi- 
cant antiburn shock activity, either when administered pareiiterally, 
as in previous work,* or orally, as in the present study, is without com- 
parable activity in the shock state.s which follow hind-leg Ischemia or 
bacterial iniection. It has been demonstrated that the mechanism of 
tourni(iuel .shock in rat.s is complicated by several factors which are 
dinieuit to control. Before a final conclusion regai-ding the ineffective- 
ness of liver extract in this type of shock could be drawn, it would 
appear necessar}- that complicating factors be controlled. The nega* 
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INEFFECTIVENESS OF ADRENOCOITITCAI. nOR:\[ONES. 
THIAMINE, ASCORBIC ACTE, NUPERCAINB, AND POST- 
TRAUMATIC SEROI IN SHOCK DUE TO SCALDING BURNS 


II. C. Bkrgmax. Ph.D., I). D. Roskxfkld, A.B., O.sc.vu IIix’hteu, Ph.D., 
Axi) IMyrox Prixzmet.vl, il.D. 

LO.S AXOKf.ES, C.VI.II'. 

W ITHIN recent years, many .substances ]iave been reported to bo 
therapeutically effective in certain ty{)cs of experimental shock. 
Among those may be mentioned adrenocortical hormone.s, thiamine, 
ascorbic acid, nupereaine, and postti’anmatie convalescent serum. Al- 
though some of these agents, on being tested in later work, have hcen 
found to be inactive bj’ soa\e workers, the effectiveness of other agents 
has been neither confirmed nor denied. 

In previous work,^ using the scalding method for evaluating thera- 
])eutic activity in bui'ii shock, it was discovered that considerable group 
vai*iatiou is encountered when apparently identical groups of untreated 
rats or mice were subjected to standardized thermal injury under iden- 
tical conditions. These variations were observed in grouj)s containing 
as many as twenty to thirty animals, and the differences between the un- 
treated groups were statistically significant. It is apparent that, in any 
single experiment, the differences between a treated and a control group 
which api)ear to give rise to statistically significant results could bo due 
to chance. In order to overcome this difficulty, the evaluation of thera- 
peutic activity was made only after repeated testing. 

Aithouuh it is not possible to state definitely that other methods which 
have been utilized to test antishock agents are subject to an e(iual degree 
of varialnlity, the fact that the scalding method permits adecjuato con- 
trol of variables such as the degree of thermal injury, body weight, 
.strain, and environmental conditions both i>rior to and after tiiermal 
injury, which is not always obtainable with other methods, strongly 
.suggc.sts that they likewi.se may [)rove to ])0,s,se.s.s significant variation 
cipial to. if not greater than, that ob.served witli the .scalding method. 
Upon examining the literature, it would ai)pear that insufficient atten- 
tion Ims been given to the variations inherent in shock-producing t>roce' 
dure.s, and, in many instajicc.s, conclusions regarding therapeutic activ- 
ity appear to have been derived from an insuffieieiit mimher of t<-sts. 
It is povsihle that .some of the confusion and the eontrov'crsiai reports 
legarding therapeutic agents in shock may he explained in this wa.v. 

I-Yoiu the Str.m-, of Hri.,jiitJtl. jtml tin.* rriO-oilti of 

S-istUo rn Mitiic.jl Scli.jol. 

h'. ji.-.jiit** froji) Oe- lU,inrhf Miiy .svii't n KuniJ. th>- iUtrUti Klt.ichiu^r HiO 
it Kum), K Uric*. .Motfon Miiy, W.iU-.r KfrHi-hnci, .unj iO’. ar.'l .Mt.-. s. .M 
ivi.l for eubltc.ile n July '3. lOU. 
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tive results obtained ,witb liver extract after acute exsanguination per- 
mit no conclusions to be drawn regarding liver activity in hemorrhagic 
shock. ' , ' 

The fact that liver is effective in buim shock, but not in tourniquet 
or bacterial shock, is further e^ddenee for the concept that there are 
dift’erent mechanisms responsible for various types of shock, although 
aU may give rise to a similar terminal picture. It further indicates 
that therapeutic measures must be evaluated individually for each 
type of shock, and that results obtained with one type of shock cannot 
be justifiably transferred to other types of shock. 

CONCLUSIONS 

1. Liver extract has significant antiburn shock activity when adminis- 
tered orally. 

- 2. Liver extract has no therapeutic eft’ect in certain types of bac- 
teremia in mice. 

3. Tourniquet shock in rats is due to the operation of complex mecha- 
nisms which are difficult to control. 

4. Liver extract was found to be ineffective in tourniquet shock, and 
had no therapeutic eff’ect in acute exsanguination. 
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indicates that cortical hormone therapy produces no significant eireet.'**’ 
In experimental burn shock in mice, llosenthal-^ found that neither 
cortical extract nor desoxyeortieosterone had significant antishock activ- 
ity. Although much work has been done on the use of deso.xycorticos- 
terone and cortical hormones in the prevention and treatment of shock 
in man, the results are conflicting and difficult to evaluate because of 
the nature of this t>T?e of experimentation, 

A. Effect of Desoxyeortieosterone Acetate . — The effect of desoxycorti- 
costerone acetate was tested in five trials on mice, u.sing 158 mice, and 
in two trials on 87 rats. The dose of desoxyeortieosterone was 5 and 2.5 
mg. per 100 grams of body weight for rats and mice, respectively, and 
the drug was injected intraperitoneally one-half hour prior to thermal 
injury. The desoxyeortieosterone used in these experiments was dis- 
solved in sesame oil to malce a solution containing 5 mg, per cubie centi- 
meter. As a control for the desoxyeortieosterone-treated animals, groups 
of rats and mice received an equivalent volume of sesame oil. The re- 
sults are shown in Pig. 1, A; under the conditions of these experiments, 
desoxyeortieosterone was ndthout significant effect upon mortality in 
scald shock. 

B. Effect of Adrenal Cortex Extract . — The effect of adi’enal cortex 
extract treatment upon scald shock was studied in seven trials witli 
281 mice and three trials with 134 rats. The extract used was Cortin 
(Wilson), in a dose of 1 c.c. per 100 gj’ams of body weight for hotli 
rats and mice. The extract was injected inti’aperitoneally one-half hour 
prior to scalding. Since tlie cortical e.xtraet is made up in saline, the 
control groups for the Cortin-treated animals received an equivalent 
volume of saline. The results of cortin treatment are shown in Pig. 1, H, 
It will be .seen that adrenal cortical extract treatment had no thei’apcutic 
value. 

TriLVMi.N'p: 

Thiamine has been re])orted to be tlierapeutically effective in hemoi’- 
rhagic shock,*- but this has been denied.-^ Purtlier, thiamine docs not 
possess therapeutic value in shock resulting from intestinal trauma.*’ 

In our attempt to evaluate the effectiveness of thiamine in scald shock, 
eleven experiments, u.sing a total of 475 mice, were performed. The 
mice in the.se experiments received 1 c.e. of saline, containing 10 mg. of 
thiamine chloride per 100 gram.s of body weight, by the intraperitoncal 
route, one-half hour prior to scalding. The control groups received 
saline in an equivalent amount. 

The results, illustrated in Pfig. 1, C, show that tliiamine iia.s slight or 
no .Significant thei“apeutic activity. 

ASCOUBIC ACin 

Ungar’* has reported that the administration of a.scorhic acid in 
doses of 10 to 50 mg. per 100 gx-ams of body weight is therapeutically 
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Wc therefore believed it necessary to ascertain wli ether or not agents 
Avhieh have been reported -to possess therapeutic activity in shock, are 
effective in the shock Avhich follows scalding. 

I\lETHODS AND RESULTS 

The scalding method utilized in these studies has been described x^re- 
vioiisly in full, details Briefly, the method is as follows. Groups of 
twenty to thirty etherized rats or mice were submerged in scalding 
water of Iviiown temperature for definite XJeriods of time. Rats weighing 
approximately 200 grams were scalded at 75° C. for fifteen seconds. 
The mice, weighing approximately 20 grams, were scalded at 65° C. 
for ten seconds. As in our i^revious work, the treated and control 
gi’oui)s wore derived from the same strain, with identical previous 
histories. 

ADRENOCORTIC.Vf. HORMONES 

, Although it is definitely established that adrenalectomized animals 
have markedly low-ered resistance to various types of trauma as compared 
with normal animals, and that treatment with adrenocortical hormones 
increases resistance toward normal,- the value of the adrenocortical hor- 
niones in. the shock which occurs in intact, nonadrenaleetomized animals 
has not been definitely ascertained. 

Adrenal cortex extract has been reported to ])c useful in the treatment 
of toxic shock after intestinal obstruction^ and the injection of the con- 
tents of a closed intestinal loop.'*- .Desoxyeorticosterone produces no 
clear-cut effect in intestinal obstruction, although such treatment pre- 
vented the decline in plasma volume which is associated with this con- 
dition.'* In the shock which follows intestinal trauma, it has been re- 
ported tliat cortical extract or corticosterones were effective, but that 
desoxyeorticosterone was of no value.'''-* Further, it has been observed 
that cortical extract therapy retards the decline in blood pressure which 
is associated with intestinal manipulation.*'* In liemorrhagic shock, it 
has been reported that cortical extract produces favorable results.*'* 
However, later observations in well-controlled experimentation have 
demonstrated the ineffectivene.ss of cortical hormone therapy in hemor- 
rhagic shock.**’ *- In the shock produced by venous occlusion of a hind 
.leg, it. has been reported that both cortical extract and desoxycorti- 
costerpne are effective when administered prophylactieally.***’ ’■* How- 
ever, these results have not been confirmed.*-"’ It has been found that, 
although cortical extract was ineffective in preventing shock after venous 
occlusion, it did increase the efficacy of a salt infusion.*'* 

, Neither cortical extract nor desoxyeorticosterone possesses therapeutic 
value in the shock induced in the dog by hind-leg trauma or by the 
release of tourniquets,*'' or in rats by tourniquet constriction.*' In burn 
ahock, there is evidence that cortical hormones arc beneficial, for plasma 
electrolyte changes seem to be ])revented,*® and the efficacy of a plasma 
transfusion in increased.*" However, further study of the latter point 
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iiijectod i;ithc-r into the traumatized area or into a point distant from 
the injured area, proved therapeutieally effeelivie 

To a.seertain the elfeet of nui»ereaine on seald slioek, nupereaine wis 
tested in five trials with *2:lo mice. The nupereaine was administered 
intramuscularly in a dose of O.o m;;. per lUO grains of body weitild, in 
a volume of O.I e.e. one-half hour after scalding’. The nupereaine- 
Ireatcd mice were compared to controls wliich received no treatment. 

The result.s are shown in Fie;. 1, IC. and illustrate the inelYeetiveness 
of this treatment. 

I'OHTTIfAUM.VTIC COXVALI-ASCKX'l' .SliltUM 

it has hccft shown that animals reeoverinij from snhlethal traim.a 
due to a revolvin'^ wheel-’' or to temporary hind-leg' ischemia-* suhse- 
quently develoi) increased resistance and are able to withstand deiifces 
of trauma that are usually fatal. Fngar-' obtained similar results with 
the type of traumatic shock employed by him. but, in addition, he 
observed that the protective effect of previous trauma could be traiH- 
ferred from one animal to another and from one species to another by 
the injection of .serum from traumatized animals. 

To lest the effect of post con vale.scent burn scrum, ctherizeil rats were 
subjected to scaUliim. and .serum was obtained from the I'ats which were 
still alive foriy-eight hours after thermal injury. These sera were 
pooled and s/tn-ed in lh<* ice chest mitU ivady for n.se. This post- 
traumatic burn serum from rats was tested for specific antiburn .shock 
activity in live trials, using 240 mice as the test animals. The dose of 
serum, administered approximately thirty to sixty minutes after scald- 
ing, was I c.c. per I(iO grams (»f body weight. The treated ajiimals were 
compared to control groups which receivi-d no treatment. These i-esults 
are given in Fi.g. 1. F, which shows that treatment with posttranmatic 
st'rum Iroin burned rats was inetVeetivc in preventing .shock in mice 
subjected to scalding. 

F(H' comparative purp(».scs, the results obtained in previous studie.s 
with c.c. jH-r 100 grams of body wiught of j)hysiologic saline, admin- 
istered one-lndf lionr after traunm. arc giv<'/i in Fig. 1. fr. 

SI'-MMaKV 

<)nr ic, Mdts demensti-ate that, under the conditions of these e.xperi- 
meiits, neither dc.-'oxycorticostcnmc acetate, adrenal eortii'al extract, 
thiamine, ascorbic a«'id, nupereaine, lutr jiusttraumatic cotiv.'ilesccnt 
scrum irom burned rats IMls^c.^sed .^ignificant antiburn shock ;iclivity. 

Oi the agents toted, all sctmied iletinitely ineffective, with the {»‘S- 
siiile exception of thiamine, svhich, aitiiough if did not decreast* mor- 
laliiy, did sotiiev, hat Uicrea-'C the average snrvival. It will be seen that 
this beiu'iiciai effect was not eonsmtejit. Therefore, uc eoncbidc th.'it, 
allb.ougli thiamitse may be slightly cffeciive in burn .^hock, it.s activity 
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effective in traumatic shock. Similarly, it has been reported that ascorbie 
acid increases the resistance of dogs to acute hemorrhage. 

In our studies on the effect of ascorbic acid upon burn shock, six 
experiments, using a total of 297 mice, were performed. The dose of 
ascorbie acid was 50 mg. per 100 grams of body weight, and it was 
administered immediately after thermal trauma. In four trials, the 
ascorbic acid was injected intramuscularly in a volume of 0.1 c.c. of 
water. The ascorbic acid treated groups which received the substance 
by uitramuscular injection were compared to gi’oups which reeeiyed no 
treatment; those that received ascorbic acid orally were compared to 
control groups Avhich received 1 c.c. of water by mouth. 

These data are shown in Fig. 1, D. The results indicate that ascorbie 
acid does not possess antiburn shock activity under the conditions of 
these experiments. 



. Ei&. 1. — The effect of various therapeutic procedures on the response to thermal 
Each dot and small circle represents the response of a group of at least 
twenty treated animals, as compared to an equivalent control group. The dots rep- 
^sent groups of mice, and the small circles, groups of rats. The large circles are 
group responses. The figures in the upper right corner are the total 
numoer of treated animals over the total number of control animals. 


NUPERCAINE 

Stimulated by reports from Russia that the use of nupercaine for local 
anesthesia: has resulted m a notable decrease in traumatic and surgical 
shock, Ungar-^ investigated the effects of local anesthetics upon experi- 
mental traumatic shock. He found that, although procaine was eom- 
Pletely ineffective, nupercaine (4 mg. per kilogram of body weight), 
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is smaU as compared to the results obtained with a highly eft'eetive agent 
such as large volumes of saline solution or pretreatment with liver 
extract/ • 

Examination of the results with all of the agents under investigation 
reveals that, in any single test, using twenty animals per group, appar- 
ently positive results are obtainable; but, when the tests are repeated, 
and the results are evaluated in composite form, if is evident that the 
so-called positive effects are due to variability of the method. Although 
we cannot state definitely that similar variations are encountered in 
evaluating antishock activity with other methods, it does appear pos- 
sible that some of the conflicting results regarding various agents in 
shock may be explicable in terms of variability factors which were not 
taken into account. 

It is not intended to imply that our observations necessarily^ apply to 
other forms of shock, produced by other procedures, for there is now 
evidence that the cause and treatment of various types of shock may 
be fundamentally dissimilar.-®’ 

CONCLUSIONS 

The therapeutic activity against .shock due to a standardized scalding 
burn in rats and mice has been ascertained f oi’ the following substances ; 
desoxyeorticosterone acetate, adrenal cortical extract, tliiamine, ascorbic 
acid, nupereaine, and posttraumatic convalescent serum. It was found 
that none of these agents possessed significant antiscald shock activity 
when tested on a sufficient number of animals under controlled condi- 
tions. 
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EXI-ERBIENTS WITH SHOllT-TElOl INADlAirATK DIET 


The efteel ot incomplete dietary rei(imes I'or two days upon resistance 
to scald shock was ascertained hy comparinii: the survival after thermal 
injury of ‘rroups of mice fed several types of inadequate diets witli 
control groups of mice fed the complete diet of Purina fox chow. Ail 
of these animals received water ad libitum. The.se experiments are 
sununarized below. 


Protein . — Casein (S.iM.A. Corporation) was given ad libitum to live 
groups of mice, comprising 328 animals, for forty-eight hours. In addi- 
tion, 1 e.c. of protein digest (Amigen, Mead Johnson), containing It) per 
cent amino acids, was administered by stomach tube twenty-four and 
forty-eight hoiu-s prior to scalding. These mice lost approximately 15 
per cent of their initial body weight. 



of \ariuus procvtiurtw on the it-spoiisc of iiiUn* to 

UjtrmU injury, r-uoti <lot n iJu* i of <i group of at 

niu»% compaua to a eonttol group cuntamlng an uoulvalont nunUaT of 
uu^p. Tht’ huge turvU^ Aff of tho group j The ilg\ire‘5 in the upprr 

right curip-r .^re the tohti nunitf**r of lrv«»t**<l aniuiahs ovor the total nuinhrr of fuu- 
tr*fl ixniinAiS* 


Xiicro.st. — Sucrose was givtoi ad libitum to five gioujt.s of mice (total, 
2liU) fur forty-eight hours, during wliieh lime the average lo.^s <if boJy 
weight was api>roximatcly 10 pm- cent. 

put. — A total 01 -iOS mice were u.scd. In three experiments, lard 
was fud ad libitum, and in four other cx{>eriments .sesame oil was given 
hy moutii in 0,5 to 1 e.e. doM-> twenty-four and forty-eiulvt lumrs }<riur 
to .scalding. The fat-icd animals lo->t from 15 to 20 per cent of tiicir 
initial Irndy weight. At the termination of the experiments, gro-'-f ex- 
amination icvj-aled that tin- livei-s of the.ic animals were tilled with fiO- 




EFFECT OP SHOET-TEKM NUTRITIONAL STRESS UPON 
RESISTANCE TO SCALD SHOCK 

H. C. Bergman, Ph.D., Oscar Hechter, Ph.D., and 
Myron Prinzmetal, M.D. 

Los Angeles, Calip, 

I N THE majority of instances, studies on experimental shock have been 
conducted with animals housed under protected laboratory conditions 
and receiving an adequate diet. However, shock as it occurs imder 
combat conditions may be preceded by a wide variety of physiologic 
stresses, among which may be mentioned malnutrition and dehydration. 
The question arises as to whether preliminary subjection to short-term 
stress influences the ability of the organism to resist shock. In this 
report, studies are presented concerning the influence of short-term 
nutritional stress, such as fasting, water deprivation, and adequate 
dietary regimes upon resistance to the shock which follows thermal 
injiuy. 


The details of the scalding method have been described in a previous 
report.^ For the present experiments, groups of twenty or more mice of 
the same strain, weight range, and sex distribution were either deprived 
of food or given the particular diet for forty-eight hours prior to scald- 
ing. During this period, water was allowed ad libitum except for the water 
deprivation study. Purina fox chow was used as the complete diet for 
comparison with other diets. The mice, anesthetized with ether, were 
scalded at 65° C. for ten seconds. During the follovdng forty-eight 
hours, no food or water was allowed. All mice alive at the end of this 
period were assigned an arbitrary survival time of forty-eight hours. 

. Forty-eiglit-IIour Fast . — To ascertain the influence of a forty-eight- 
hour fast upon resistance to scald shock, twelve experiments, comprising 
in mice, were performed, in which groups of fasted mice were anes- 
thetized with ether, scalded, and compared to similarly treated groups 
which were fed fox chow ad libitum. Both groups had access to water 
np to the time of scalding. This forty-eight-hour fast decreased body 
weight approximately 15 to 17 per cent. 

Forty-dglit-Bow' Fast, No Water . — The effect of water deprivation 
npon resistance to scald shock was studied in four experiments, using 
a total of 179 mice. Groups allowed neither food nor water for forty- 
eight hours were compared to groups allowed access to drinldng water but 
no food. The dehydrated mice lost 17.5 to 20 per cent of their initial 
body weight, as compared to 15 to 17.5 per cent reduction for the mice 
wliich were allowed water but no food. 


Laboratory, Cedars of Lebanon Hospital, and the University of 
Southern California Medical School. 
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UROLOGIC DISEASE AS A CAUSE OP HYPERTENSION 


]\Lvubice M. Rath, Ph.D., M.D., axd Henry I. Ressek, M.D. 
Staten Island, N. Y. 

T hat urologic disease or surgical conditions of the urinary tract, 
such as liliiiasis, hydronephrosis, and pyelonephritis, may be causally 
related to hj-pertension in man seems possible. 

The current clinical interest in this problem was aroused by the e.K* 
perimental studies of Goldblatt, in 1931, and of othei’s in later years. 
Goldblatt, ot al.,^ recently pointed out that human hypertension asso- 
ciated with unilateral renal disease, such as chronic pyelonephritis or 
other conditions Avhich disturb renal hemodynamics, has been recog- 
nized as an entity. The damage to uitrarenal blood vessels resulting 
from such a disease is considered as favoring the secretion of a pressor 
substance, and hence as being a causative factor in the hyperpiesis. But 
others’’ ^ contend it has not been established that arterial and arteriolar 
changes always precede human hypertension. Whether vascular disease 
in the kidney is the cause, result, or both, of elevated blood pressure lias 
not been definitely answered. Investigators have reported finding ex- 
tensive histologic changes in renal vessels without hypertension, on the 
one hand, and hypertension without perceptible vascular changes, on tlie 
other. 

Can definite evidence be found to substantiate the belief that urologic 
disea.se and high blood pressure are interrelated! Investigators have 
approached the problem along two avenues. Some have studied the 
incidence of hypertension in cases of known urologic disease, and others 
have reported the incidence of urologic di.sease among patients witli 
hypertension. 

The work of Wei.ss and Parker^ lias often been quoted to support 
the claim that pyelonephritis and hypertension are interrelated. The.sc 
authors studied the kidncy.s of patients with pyelonephritis and high 
blood pressure, and believed their evidence indicated that hypertension 
in this condition depends on obliterative arteriolar lesions brougiit about 
by the infection. They admitted, however, that their method of select- 
ing cases wa.s such that the data were not suited to statistical analysis. 

Barney and Suhy" studied 305 ca.ses of fryeloncphritis and hydro- 
nephrasis on the Urological Service of tlie I\Ias.sachuselt.s General Hos- 
pital, in 25 per cent of which there was hypertension. These authors 
employed a sy.stolic blood pressure of 1-10 mm. Ilg or more as the criterion 
for* hyperlemhm. Imismuch as no control series was reported, titc signifi- 
cance of their observations i.s not clear. Crabtree, Clia.sef, and C'haset,® 

r-Yom U. S. ilo.iptutt. 

FubILht-1 v»ilh the jrerinLAien tit th- .Siin.'toii General of iht* I'nllcC St-it-e-J I’uf/Ua 
iUalUt SiTvJt.1*. 
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Beef iujer— Advantage was taken of the fact that mice fed nothing 
but minced beef liver for two days lost approximately 15. per cent of 
their initial weight. The effect of this diet of mixed composition, wliich 
does not maintain body weight, was studied in four experiments on 
349 mice as regards resistance to scald shock. 

yfhwimw. — Seven groups of mice (total, 354) were given, by mouth, 
one drop of Haliver oil (Abbott) and 1 e.e. of a solution containing 
2 mg. of thiamine chloride, 2 mg. of ascorlhc acid, 0.4 mg. of nicotinic 
acid, 0.4 mg. of pyridoxine, 0.04 mg. of riboflavin, and 0.006 mg. of 
pantothenic acid . tw'enty-f our and forty-eight hours prior to scalding. 
Comparisons were made with mice which received 1 e.e. of water. Access 
to water was allowed in both eases. These groups lost approximately 15 
to 20 per cent of their initial body -weight. 

Fig. 1 is a summary of the results obtained. Although there was a 
marked loss of body weight, it will be seen that neither a forty-eight-hour 
fa.st nor a, previous short-term diet consisting solely of iirotein, carbohy- 
drate, or fat had a significant influence on the mortality or the average 
survival time of mice subjected to thermal injury. Similarly, a diet of 
nothing but whole liver, wdiieh caused loss of Aveight, did not lower re- 
sistance."' Further, it Avas observed that large doses of a mixture of Auta- 
ihins A and D, plus ascorbic acid, thiamine, and several members of the 
B complex group, did not modify the response to scald shock. The re- 
sults Avith mice Avhieh Avere not alloAved access to Avater for forty-eight 
Houm shoAv that there is a tendency toAvard loAvered resistance, as evi- 
denced by the decrease in the survival time after scalding. 

It appears that, Avhen dehydration is prevented, short periods of stress 
due to fasting or a poor nutritional regimen do not significantly reduce 
the resistance of mice subjected to thermal injury. 
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tients wyK 38 years. Only 4.2 per eeut had an elevated blood pre.ssnrv, 
and this, they point out, is an incidence of hyperten.sion of le.ss tium 
half that in the random sample of patients under 50 years of ane at 
tlie ifayo Clinic. Our analysis of their data shows that the difference 
between 9.1 and 4.2 per cent, divided by its standard error, yields a 
%-alue of 1.9, which is slightly lower than the level commonly accepted 
us a measure of significance. 


Shure*“ found that the ineideuee of hypertension (150/95 or over) 
in a control group of 947 persons chosen at random was 34.9 per cent, 
as compared to 44.4 per cent of 290 patients with pyelonephritis, lie 
concluded that in eases of bilateral i)yelonephritis there appears to be 


a distinct increase in the incidence of Jiypertension. 


This differctice 


seems to be statistieallv significant from a consideration of the standard 


error. 


A compilation of the data presented in tlie papers just discussed would 
reveal that '‘hypertension'* was pre.sent in S2S, or 25 per cent, of 3,305 
urologie ca.ses; in contrast, 526, or '27 per cent, of 1.9‘22 subjects .serving 
as controls e.xhihited "hypertension.” Obvioasly, tlie.se figures have 
little or no value because the same criteria were not utilized by the 
respective authors. 


The ineideuee of urologie di.sease among hypertensive patients also 
has been studied by various investigators. Palmer and his co-workers" 
reported that 22 jicr cent of tiicir 212 hyiiertcnsivc iiaticnts had urinary 
tract disease, as diagnosed nrographically. Pressures of 150/100 or 
over were regarded by tliese authors as being in the hypertensive range. 
IJatliff and Conger" found that, of 340 hypertensive ^patients who w»-u- 
not suspected of liaviug urologie disease. 3'2. or 9.4'2 per eont, exhibited 
renal disea.se, as revealed by excretion and retrograde pyclographie 
study. They employed a level of 140 '90 to divide hypertensive I'voni 
normal .subjects. In the cour.se of routine examination, hyjantensiou 
was found by Braascli'^ in 4,000 eases in which clinical evidence of 
a nonnejihrilic renal lesion was discovered in 100, or 2.5 jier ecni. 
This author refers to the so-called surgical kidney as "uu elioiogic 
factor of Jiypcrtension whieli has been definitely proved by elinieai 
experience — 


Sehrucdcr and Steele’” .studied 250 ea.scs of (-.ssential hyjjcrlciision. 
in 113 (45 per cent i of which there was some form of organic reuat 
disea.se. They did not clearl.v slate their criteria for hyjiertcasioii. 


In anoliier series of 100 eases of liypertension reported by WiUiaiUH 
and ilarrisuii," 30 jier eeut of the jiatients had urologie disease. The.'C 


workeis einidoyed a level of 150/100 in the segregation of 


hyperteiisiC' 


from normals. Wosika ami Ilaiier" re 
tensive jiatieuts who were free from 
that Iftl. or 16.8 per cent, had varioas 


view(*d the records of 571 hyju-r- 
glomcrulonephriti.s, ami t^'uud 
surgical forms of urinary tract 


disease. 
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found that, of 150 consecutive patients with severe unilateral renal 
damage, 9.3 per eent showed an elevated blood pressure. They con- 
sidered 150 nun. Hg, systolic, and 100 mm. Hg, diastolic, as hyperten- 
sive levels. These authors concluded that their patients with renal 
disease had a slightly lower average blood pressure than normal sub- 
jects. They employed for their control a series reported by another 
investigator. Abeshouse'^ observed that hypertension was present prior 
to operation in 17.3 per cent of 167 nephreetomized patients -with uni- 
lateral renal disease (neoplasm, pyelonephritis, ealeulus, tuberculosis, 
etc.). Moiiock and Horton® reported that 40 per cent of 335 patients 
with hypernephroma had hypertension. About 70 per cent were be- 
tween the ages of 45 and 65 years. Among 124 patients with other 
t)T)es of . renal tumors (sarcomas, squamous cell carcinomas, etc.), 46 
per cent had hypertensive blood pressure levels. In this work they 
considered a systolic blood pressure of 140 mm. Hg or more as hy-perten- 
sive: They found that no consistent alteration in blood pressure followed 
removal of the . tumors. 

Is it not possible for any comparably large group of persons to show 

comparable incidence of hypertension, even though no renal disease 
is apparent or suspected? Of a random control group of 975 consecu- 
tive eases studied at the Mayo Clinic by Braaseh and Jacobson,® 20 per 
eent were found to have hypertension (systolic, 145 mm. Hg, or dias- 
tolic, 90 mm. Hg, or more). Similarly, a study by Shure“ revealed 
that 84.9 per eent of 947 persons chosen at random had blood pressures 
of 150/95 or more. 

Of 1,684 patients with “surgical kidney” (adenocarcinoma, pyelo- 
nephritis, hydronephrosis, calculus, etc.), Braaseh and his co-workers^^ 
found that 18.6 per cent had preoperative hypertension. In another 
study, limited to pyelonephritis, they® reported an incidence of hyper- 
tension of 26 per cent among 180 patients. Among persons 50 years of 
age or over, approximately the same proportion of both the pyeloneph- 
ritic group and the control group exliibited high blood pressure, accord- 
ing to their definition, -whereas, among the 119 test subjects under 50 
years of age the incidence of hypertension associated with pyelonephritis 
was 16 per cent, as compared to 9.1 per cent of 606 members of the 
control group. As the authors point out, the incidence of hypertension 
was approximately twice as great in the younger pyelonephritic patients 
as m the younger control group. However, we have found that the 
standard error of the difference bet-^men these two values is 8.6, which 
roakes the actual difference of doubtful statistical importance. In other 
words, “twice as much” in this instance is not impressive. Eather, it 
IS a difference of 6.9 per cent (16 minus 9.1) that concerns us, and this 
deviation could well be the result of chance. 

Braaseh and Wood^® more recently have reported on 70 cases of pri- 
mary perinephritis or perinephritic abscess. The mean age of the pa- 
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sure. The erroneous conclusions which may follow such a chissilicatioji 
in groups of older persons are apparent when one considers that systolic 
hypertension (high systolic, with normal or low diastolic, pressui-c) luis 
its o-ivn distinct mechanism, and is caused by arteriosclerosis of the 
aorta and its larger branches. Clinicians are agreed that this forai of 
elevation of blood pressure has no relation to essential or renal hypev- 
tension. One of us,-® furthermore, has demonstrated that the incidence 
of systolic hypertension mounts sharply after the sixth decade. This 
consideration demands that no age discrepancies exist between test and 
control series. Without such careful control of the age factor, the 
employment of systolic pressure exclusively may lead to unjustified 
assumptions. There is strong evidence, moreover, that the diastolic 
pressure is a more reliable index than systolic pressure in the recog- 
nition of hypertensive disease.-®’ 

In accordance with the foregoing concepts, we have studied a scries 
of urologie and control eases in an attempt to add to the present knowl- 
edge concerning the relationship between arterial pressure and surgical 
diseases of the urinary tract. 


MATERIAL 

A group of 357 merchant seamen and coastguardmen served as test 
subjects. The three chief conditions, singly or in combination, for wliich 
they were hospitalized were nephrolithiasis or uretci’olithiasis, hydro- 
nephrosis, and prostatie hypertrophy. A smaller number of the men 
were suffering from pyelitis, pj'elonephritis, bladder stone, ureteral stric- 
ture, and pyonephrosis. All diagnoses w’cre confirmed by roentgeno- 
graphic, cystoseopie, or operative procedures. Of the patients with pro- 
statie disease approximately’ 15 per cent had acute retention when they 
were admitted to the hospital. The average age of the 357 patients 
was •14.3 yeai’s. 

Serving as controls were 654 patients selected at random, all of whom 
were merchant seamen or coastguardmen of the same habits and back- 
ground as the urologie patients, but were hospitalized for other reasons. 
Their average age wiis 46.4 years. The difference between the average 
age of the control and test groups wars not statistically significant; T* 
was 1.9. 

HUSULTS 

Study’ of Table I wall show' that the urologie patients as a whole, or 
wlien considered by age groups, had no Iiigher average blood pressure 
than the control subjects. In fact, the data reveal a .slightly, but sig- 
nificantly’, higher average systolic pressure in the majority of the con- 

•T ia tiie difference divided by the sUindnrd error of that difference, an<l 
calculated, when apnlled to means, by Korinul.'i A. and by Eonnula B when “PP *;*, 
to percenta.ije.s'. .V T level of 2.5 or more was adopted as a me.usure of ijtatisiaaj 
blgnillciince, 

(JS) P» - 

' in nj ' Hi iij 

where Mi-Mj lii the dlffercnco between means; S.O.. staiidard error: 
of cases; Pi - P 3 , ditference lietween proporliona: p, percenUtKe in one leiiiipK 
the characteristic; <i, percentage in h.uue .ctinphi not having the chaniriifHn.- 
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.'VYosilva, Jung', and Malier^*^ reported , that, in a large series of post- 
mortem protocols, 27.4 per cent of a group with normal blood pressure, 
and 40 per cent of a hypertensive group, had urologic disease. They 
applied the chi square test to their data and considered that the differ- , 
ence between the groups had statistical significance. These authors 
conclude, '‘one may safely infer that a patient with hypertension is 
more likely to have urologic disease than is a patient without hyperten- 
sion.” Although these results appear impressive, it should be empha- 
sized that what "Wosika and his associates term “hypertension” is 
actually elevation of the systolic blood pressure (140 mm. Hg or more). 
In their opinion, the systolic level appears to be an adequate criterion 
for hypertension. They state further that, “including the diastolic 
pressure ... is not only impractical clinically, but it obscures the logic, 
complicates the mathematics, and attenuates the statistical analysis.” 
Because , of these remarks and for reasons to be discussed we are not 
convinced that the results of their study are valid. 

If one attempts to compile the data supplied by these seven papers 
it would appear that, of a total of 6,044 so-called hypertensive patients, 
650, or 10.7 per cent, exhibited evidence of urologic disease. In the non- 
hypertensive control group collected by Wosika and his associates, how- 
ever, 167 of 611 subjects, or 27.4 per cent, proved to have urologic con- 
ditions; Judging from these collected figures, the incidence of urologic 
disease in a large group of “ hypertemsive ” ])atients appears no greater 
(if not actually less) than the incidence in a group of nonhypertensive 
patients. Here again, such compiled data must be considered with 
caution because the blood pressure criteria, as well as control methods, 
varied among the different investigators. These diverse observations 
of , independent workers who report an incidence of urologic disease 
among lijqDertensive subjects ranging from 2.5 to 45 per cent clearly 
indicate that the problem has not yet been solved. 

In the studies we have briefly reviewed we noted that in some in- 
stances investigators failed to employ a control series for comparison. 
Consequently, evaluation of their results is difficult. Other workers 
have made little or no attempt to interpret statistically the results of 
their studies. Unless the reliability of a difference between two sets of 
figures has been estimated, inferences cannot be safely drawn from that 
difference. Without the employment of even some simple probability 
test, we may err by building arguments on a foundation which is inse- 
cure because of improper sampling. But even prior to the application 
of statistical methods, it must be ascertained that the basic material is 
free from fault. 

. A great source of confusion is derived from the diversity of opinion 
regarding the definition of hypertension. Some authoi-s have used 
: only the systolic blood pressure as a criterion of hypertension. Con- 
sequently, the same significance was assigned to all elevations of systolic 
blood pressure, regardless of the accompanying level of dia.stolie pres- 
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trol groups. The urologic patients had average systolic blood pressures 
which were higher than the controls only in the 20 to 29 and 50 to 59 
age ranges, but these dilferenees were not statistically significant, as 
evidenced by T values of 0.8 and 0.5, respectively. Analysis of the 
diastolic blood, pressures similarly indicates no correlation between 
urologic disease and elevated levels. 

Table n shows the relation of age to the incidence of various blood 
pressure levels in control and urologic groups. All pressures below 
145/95 were classified as normal; systolic pressures of 145 or above, 
■with diastolic pressures under 95, were regarded as indicative of sys- 
tolic hypertension; when the diastolic pressure was 95 or above, di- 
astolic hypertension was said to be present. 

Prom the data in Table II it is apparent that the minor differences 
between test and control groups can readily be explained on chance oc- 
currence. The influence of age upon arterial pressure is clearly demon- 
strated by Tables I and II. With advance in age there is not only a rise 
in . average systolic and diastolic blood pressure in both urologic and 
control groups, but also a concomitant increase in the incidence of systolic 
hypertension and of diastolic hypertension. Conversely, there is a dimin- 
ishing frequency of normal blood pressure with advancing years. These 
trends are made more evident by the comparison between “younger” 
(10 to 49 years) and “older” (50 to 89 years) persons. That the dif- 
ferences between these two major groups are significant is demonstrated 
by T values ranging from 3.4 to 17.9. 

When the urologic patients are divided into the three main classifica- 
tions, hydronephrosis, kidney and ureteral lithiasis, and prostatic hyper- 
trophy, and their average blood pressures are compared with con- 
trols of corresponding age, the results again indicate that the differences 
between the means are likely due to chance (Table III). The pyelo- 
nephritis, bladder stone, pyonephrosis, and pyelitis groups were too 
small to be listed in Table III for statistical comparison. A discrepancy 
will be noted between the total number of cases in the three groups of 
urologic cases in this table, as compared with the test group described 
in Tables I and II. This is explained by the fact that some of the 
patients had a combination of these urologic conditions. 

DISCUSSION 

To ascertain whether urologic hypertension exists as an entity, -vve 
have compared a group of patients who had surgical conditions of the 
urinary tract with a nonurologic series. In this study we attempted 
to control such factors as age, sex, and occupation in both groups. We 
already have pointed out that the use of systolic blood pressure as the 
pnly criterion for dividing normal from hypertensive levels may be a 
serious source of error, in view of the fact that a high incidence of 
systolic hypertension normally occurs in older persons (Table II). 
Hence, we have broken down our data according to age and average 
systolic and diastolic pressure, and according to the percentage incidence 
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Bicknell,-- in discussing the incidence oi hypertension in patients 
with “surgicar’ kidneys, considered that the age factor appeai-s to 
have more influence than any other. He admitted, for iiistance, that 
hypertension is common in patients with hypernephroma, but, on analy- 
sis, observed tliat the majority of such patients are in the sixth decade 
or beyond. 

Hines and Sander-^ compared the blood pressure on the original 
examination with the subsequent development of hypertension (160/100 
or more) ten and twenty years later in a series of urologie patients 
and in a control group. They reported a striking eoineidenee of data 
in the two series. When the age factor was considered, no signiiieatit 
difference could be found in the incidence of subsequent hypertension. 
They concluded that the latter is more closely related to the height oi 
the blood pressure on the original examination than to the extent of 
the renal lesion or the known duration of the urologie disease, and that 
their data seem to east doubt on the importance of renal disease in 
producing hypertension. 

Because of the supposed relationship between urologie disease and 
hypertension, nephrectomy has been recommended l)y some workeis for 
the relief of elevated blood pressui’c of patients Avith unilateral renal 
lesions. Has it been demonstrated that tlie removal of tlie affected 
kidney in such cases is followed by a reduction in blood pressure? If 
temporary decreases in the arterial pressure have been observed, has 
cognixanee been taken of the fact that any surgical procedure or even 
I)rolonged bed rest without surgical intervention may cause a reduction 
in blood pressure? Sensenbaeh-^ recently reviewed the literature on 
nephrectomy in the treatment of hypertension, and found that, in the 
75 cases he collected, only 6.6 per cent of the patients had normal blood 
pre.ssure two years or more after operation; about one-third had a fall 
in blood pressure, but had been followed less than two years at the 
time their cases were reported; one-third .showed a reduction, but 
remained hypertensive, and, in one-third, the blood pressure wa.s tm- 
altered or higlier. On the other hand, the observations of Goldblatt^" 
and Braaseh.-'- in .several eas(*s followed over a period of yeans, seem 
to offer strong evidence that a causative relationsliip doc.s oeca.sionally 
exist. That such relationship must indeed be uncommon is suggested 
by our failure to establish a correlation iiefween urologie di.sea.se and 
iiypertension in this .study. 


SUil.AI.VRY 

1. A review of the literature luis demonstrated tiiat there is no con- 
clusive proof that urologie dLscase frequently causc.s hypertension. 

2, Critici.sm.s of methods employed by .some iuA'c.stigators in the .study 
of tiiis problem include lack of control scnc.s, omission of statistiesd 
evaluation of the results, and the use of .sy.stolic blood pressure alone 
in defining “h.vpertcn.sion.” 
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T^VBLE II 

, Peucentace Incidence oe Xoumal Blood Pressuke, Sastoiac Hypertension, and 
Diastolic Hypertension Among XJrologic and Control Subjects 


, NORMAL blood SYSTOLIC DIASTOLIC 



pressure 


hypep„tension 


HYPERTENSION 


AGE 

URO- 

CON- 

t"' 

URO- 

CON- 

T'-' 

URO- 

CON- 

T" 

LOGIC 

TROL 


LOGIC 

TROL 


LOGIC 

TROL 


. (YKS.) 

(%) 

(%) 


(%) 

(%) 


(%) 

(%) 


10 10 39 

,100 

100 

- 

0 

0 

— 

0 

0 

— 

20 to 29 

91.1 

94.3 

o.s 

2.9 

2.5 

1.0 

5.9 

3.12 

0.3 

;.!0 to :’.9 

93.7 

90.2 

o.s 

2.5 

4.(5 

0.7 

3.8 

5.81 

0.0 

40 to 49 

8.5.3 

84. 7 

0.1 

8.0 

5.8 

0.5 

(5.(5 

11.7(5 

1.1 

50 to 59 

05.5 

74.(5 

1.1 

18.9 

14.2 

0.8 

15.5 

11.11 

0.7 

00 to 09 

40.(5 

42.7 

0.5 

31.5 

33.3 

0.2 

22.7 

23.93 

0.1 

70 to 79 

01.(5, 

31.7 

a 

30.7 

42.3 

a 

7.G 

25.00 

a 

SO to 89 


(1 cuse) 

- 

0 

0 

- 

0 

0 

- 

10 to 49 

,90.3 

91.0 

0.2 

4.3(5 

3.52 

0.(5 

5.24 

5.41 

0.1 

50 to 89 

50.2 

45.9 

1.9 

25.78 

32.28 

1.3 

17.9G 

21.75 

0.92 

10 to S9 

•7S.1 

71.4(5 

2..3 

12.04 

1(5.05 

3.S 

9.8 

22.53 

1.3 


Normal blood pressure, 144/94 or below. 

Systolic hypertension. 145 nun. Hg systolic or over, with diastolic 94 mm. Hg or 
below. 

Diastolic hypertension, 95 mm. Hg diastolic or over, 
a = Too few cases ' for statistical analysis. 

*See footnote on page 518. 

of normal blood pressure, systolic byperteiision, and diastolic liyper- 
. tension. We were unalile to demonstrate an association between urologic 
disease and hypertension. We found, as others previously have ob- 
served, that the age factor has a definite influence on systolic and 
diastolic blood pressure. Our data show that increments in arterial 
pressure occur Muth age in our test and control groups. The percentage 
incidence of systolic hypertension in the younger urologic and control 
series was 4.3 and 3.5 per cent, respectively, as compared with 25.7 and 
32.2 per cent, respectively, in the older subjects (50 years and over). 
The percentage incidence of diastolic hypertension in the younger uro- 
log-ie and control series was 5.2 and 5.4 per cent, respectively, in com- 
parison to 17.9 and 21.7 per cent in the older subjects. Of the entire 
test group, 12 per cent had systolic hypertension, and 9.8 per cent, 
diastolic hypertension. The respective values in the control series were 
16 and 12.5 per cent. 

T.able III 

Average Systolic and Diastolic Blood Pressure oe Patients With Hydro- 
nephrosis, Pro.static Hypertrophy, and Penal and Ureteral Lithiasis, 
Compared With Control Subjects op the Same Age 



NUMBER 

OF 

CASES 

AVERAGE 

AGE 

(YRS.) 

average 

SYSTOLIC 

BLOOD 

PRESSURE 
(MM. IIG) 

Ip* 

AVERAGE 

DIASTOLIC 

BLOOD 

PRESSURE 
(MM. IIG) 

T* 

Controls 

SO 

30 to 39 (.35) 

130.24 


83.3 


Hyiroueplirosis 

122 

38.15 

120.0 

2.0 

81.53 

0.5 

hitliiasis 

150 

39.21 

329.3(5 

0.5 

82.18 

0.8 

Controls 

o;j 

50 to 59 (55) 

137.81 


85.31 


Crostatie. Hyper- 







trophy 

122 

5(5.00 

142.00 

1.2 

80.97 

0.9 


*See footnote on page .518. 



A IMORPHOLOOIC STUDY OF THH C’ARDIAO 
CONDUCTION S YST R.M 

Part IV : The Axatojiy of the Uffer Part of the 
Vextricular SKi>Tr:M ix Max 


Daxiel J. G1.OM8ET, M.D., AXD Richard F. Birge. .M.D. 

Des .Moixes, Iowa 

T he observers who describe the atrioventrienlar eonductiou system of 
the heart locate its principal parts in the upper part of the ven- 
tricular septum and the immediately adjoining rii«:ht atrial wall. Iii 
order to obtain a conce[)tion of the anatomy of this reiiion, we have 
studied, grossly and mieroscopically, more than forty human hearts. 
t)ur observations follow. 

The atrial mu.scles terminate in the ali-iovcntricular fibrous rimts. 
These rings separate the upper and lower cardiac chambers and form the 
fibrous bases for the atrioventrienlar valves. The j)o.sterior mesial seg- 
ment of the left atrioventricular fibrous ring swings forward and to the 
right, terminating in the central fibrous body (trigonum fibiusum) at 
the level of the posterior aortic wall. The analogous segment of the 
right ring runs aero.ss the upper right ventricular septum, fusing with 
the septum membranaccum. From the base of the mc.sial cu.sp of the 
tricuspid valve, .strong fibrous bands (fiia coionaria) e.vtend to the 
central fibrou.s I)ody and to the aortic ring in front of it. 'riie central 
fibrous body, a stout [)0.sf of connective tissue joining the atrial and 
ventricular septa, appears to he formed by fusion of the substance oi 
the entire mesial .segment of the left ring with a portion of the mc.sial 
.segment of the right. The anterior portion of the central fibrous i)ody 
lu.ses with the aortic ring, which forms the .septal )>a.se of the aorta 
and joins the .septum memhranaeeum. The portion of the aortic ring 
just anterior to the central fibrous body .sjilits into two .sheaths, which 
form a gabled i-oof for the central part of liie mu.seuhir ventrieular 
.septum. The septal base of the aorta, the .septum meiuhranaceum. the 
fibrous ba.se ul the mc.sial tricuspid, and the endoeardium covering the 
upper part of the scj)tum can bi- removed by meticulous di.ssectioii, which 
muke.s plainly di.sccrniblc the arehitecture of the upper ]>art of the 
interventricular septum. 

On the left side of the .septum, pu.steriorty, the subeJuloeardial miiscie 
fa.scieuii radiate toward the central fibrous body where they arc attached- 
Auleriurly, near the u]»[ier po.sterior edge of flu* .septum incmljraiiaccnin- 

-VaniS by jir itit,-. fiuiii tii-.- Aitit-rif.tn AUaicU i.Oiuri <inil liif i’jw i Uc-E . 

Hsj int.'iJ. 

Gif publu itb'Si Fib. 17. I'Jir., 
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, 3.- Our observations on 357 urologic cases and. 654 control subjects 
tend to invalidate the impression that surgical conditions of the urinary 
tract as a general group are causally related to elevation of the blood 
pressure, although the causal relationship in individual cases cannot 
be, denied. 

The authors , wish to aclcnowledge their appreciation to Dr. Charles Ferguson for 
use of urologic case records. 
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portion. The .supravalvular sejnucnt, which Is from 1 to 2 cm. lomt. 
is slightly oval, and has a diameter of 1 to 2 millimeter.s. After it 
emerges from the canal in the central fibious body, it lies in intimate 
contact with the other fasciculi of the septum. (Therefoie, it seem'^ 
absurd to believe that the wave of excitation coidd be insulated in its 
few muscle cells. We are also unable to understand why this bundle 
could not be seen Avith the naked eye.) The iniravalvulur portion, 
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wilich i» oitcn cylimlrical, measures aliout 1 mm. in diameter. U *^1^* ’ 
not iKXsnebS a special eonnective tis,sue sheath. If there is ,i giuovc rnn- 
ning fiom the valvular incisuie (owaid the apex, the infntvahular ,oait 
of the I'a.sciculus lit*;? on the jiasterior margin of that groove and isottin 
sujieriicial. In he.iiis in which it Is superficial it can be le.idily ml* 


GLOMSET AND BIRGE ; CARDIAC CONDUCTION SYSTEM 


527 


a similar grouping of superficial fasciculi usually occurs. Near the 
aortic ring these fasciculi often form a lump from which muscle fibers 
stream toward the papillary muscles and the apex. Wilhelm His, Jr.,^ 
pictures and describes them as the atrioventricular bundle (Pig. 1) . We 
have not observed any muscular connection between these fibers and the 
ridge fasciculus, the description of which follows. Other careful ob- 
servers have failed to find, in carnivora, a bifurcation of the fasciculus 
described by Tawara as the stem of the His bundle. Mahaim depicts 
the left branch of the His bundle as having four distinct roots originat- 
ing at separate points of the upper ventricular septum (see Part III) . 

On the , right side of the septum all of the subendocardial muscle 
fibers behind the fissure, betwen the mesial and anterior cusps of the 
tricuspid valve, radiate toward the central fibrous body where the}* are 
attached (Pig. 2) . The most posterior fasciculus runs forward parallel 
to the ridge of the septum and is attached to the central fibrous bod 3 ^ 
Similarly, the most anterior fasciculus runs baclavard; it, also, is at- 
tached to the central fibrous body. 



Eig. 1. — ^Atrioventricular bundle (Wnihelm His, Jr.), Sagittal section of the atrio- 
ventricular border of the heart of a newborn human (X7.5). The venti’icular septum 
is cut longitudinally the auricular septum, only partly so. Vhd, cavity of the right 
atrium ; Vd, cavity of the right ventricle ; Sv, ventricular septum ; So, atrial septum ; 
Sc, coronary groove ; V, coronary vein ; Op, pulmonary ostium ; and *. atidoventricular 
bundle. 

. This most anterior bundle we designate the ridge fasciculus. It has 
been much studied as the main stem and right branch of the His bundle. 
This insignificant bundle is not always present. We have found it in 
over two-thirds of the hearts studied. It, like the rest of the sub- 
endocardial muscle fasciculi, varies in size, direction, and relation to 
other muscle fibers. Its color is, as a rule, lighter than the suiTOunding, 
more deeply imbedded, bundles. It originates deep in the ventricular 
portion of the central fibrous body, from 2 to 3 mm. below the insertion 
of the atrial muscle fibers (Pig. 2) . It runs forward for a short distance 
in a fibrous canal in the anterior part of the central fibrous body (Pig. 
I, Part II) and contmues forward and dovoiwmrd toward the right 
septal papillary muscle. It has a supravalvular and an infravalvular 
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with connective tissue, poor in cells. Through the node, or to the side 
of it, nins the ^'artery to the node.” We have not found such a node 
in the posterior atrial wall in any of the mammals that we have 
examined. The ramus septi fibrosi (Haas) runs in the atrioventricular 
groove, and, so far as our observations go, never in the atrial wall. We- 
have described the node of Tawara in ungulates. In these animals it 
is a part of the musculature of the upper ventricular septum. Prom it 
the muscular part of the “Purkinjc” bundle arises. The node lies be- 
hind the central fibrous body. Its muscle cells change abruptly to the 
characteristic Purkinje fibers at the place where the nerve trunks enter 
the bundle. 

It has ali'cady been stated that in human hearts the ridge fa.seieulus 
originates deep in tlie ventricular part of the central fibrous body. In 
order to study the origin and the environs of this fasciculus histo- 
logically, we removed the posterior atrial wall by severing the central 
fibrous body below the attachment of the atrial muscle fibers. Blocks 
were cut from this part of the upper ventricular septum. Posteriorly, 
the blocks terminated a few millimeters beliind the “nodal artery" 
where it enters the septum; anteriorly, they extended several inillimotei-s 
in front' of the canal in the central fibrous body. ^Microscopic .sections 
parallel to the muscle fibers of the ridge fasciculus wei’c cut to include 
the beginning of the fasciculus, in front, and the “artery to the node," 
behind. The histologic structure of the origin of the ridge fasciculus 
is shown in Fig. 3, M. It is obvious that the appearance of a reticuliun 
in this region is due to the intertwining of ventricular muscle fibers 
at their attachment to the central fibrous body, and that the mu.sclc 
fibei’s are a part of the ventricular .septum. 

Tandler,^ Spalleholz,"' Gro.ssj'^ ilahaim,® and, more recently, La-scano' 
have described a special arterial supply to the His-Tawara system in 
man. On the basis of the theory that the arteries which sui)ply ihc 
system are “end arterie.s,” the lesions that arc thought to can.se block 
have been Jissumed to be due to obstruction of the arterial twig.s which 
supply the .system. The artery to llie node (ramus sei>ti fibiusi, Haas) 
is said to supply the node and the stem of the Ilis bundle. Gross 
describes a rather large sepdal branch of the anterior ramus de.scciulciw 
as t!ie ramus limbi dextri. ^Mahaim states that the left branch has a 
tiouhle blood .supply, that the anterior limb is supplied by a branch from 
the anterior tk-.scending artery and the posterior limb by a branch from 
the ]>o.stcrior descending artery. The coronary arteries, which .supply 
the .septum, have been made visible by means of opaque media by 
.SpiiUehoh',, Gross, and La.seano, 'Die Argentine inve.-itigator states: 
■‘The arteries entrusted with the blood suiqdy to the node, Ibe bundle 
of His and its branche.s, ana.slomusc with one another and do so with the 
nutrient arteries of the noiKspeeitie myocardium — therefore, . • • thf'V 
arteries arc merely the main arteries, not terminal vessels, to the abovc’ 
named node, buiulle, and its branche.-^.” 
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lowed to the base of the papillary, muscle. . When it lies deeper, it can 
also be followed. In both cases it can be followed in serial sections. 

The histologic structure of the ridge fasciculus, evident in Pigs. 3 and 
4, is also clearly depicted in Mahaim/s microphotographs. AVe have 
stated previously that the structure, of the fasciculus is identical with 
neighboring muscle bundles and that we have not encountered blood 
vessels larger than arterioles in the fasciculus. Nerve fibrils were not 
detected by the histologic technique which we employed. 



Eig. 3 — Microscopic sti-ucture of the supravalvular part of the ridge fasciculus. 
Longitudinal sections (X75). *4., “Nodal”' region. B, “Stem” region. 

- According to the orthodox view, this ridge fasciculus originates 
ill. the atrioventricular node, located in the posterior atrial wall, but in 
none of the hearts that we' studied did we find it entering atrial myo- 
eai-dium; The ' atrioventricular node is described by Tawara as a 
I'etieiiluni of slender, indistinctly striated muscle fibers from which tlie 
His bundle originates. The interstices. of the nodal reticulum are filled 
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m the largest septal branch given oft from the anterior ramus deseontleas. 
It often measures 2 mm. in diameter. It plunges directly into the 
muscular septum and. by ordinary dis.seetion, can be followed for only a 
short dLstance. We are not certain which of the many small branches 
given off from the anterior and posterior rami descendens arc the one.s 
which Maliaim considers the arteries to the anterior and posterior limbs 
of the left branch of the His bundle. 

The observers who describe a .special blood supitly for the atrioven- 
tricular bundle offer no evidence that the arterial twigs which Huy 
describe actually supply the ‘“'conducting bundle,” or that they supply 
only that fasciculus. Their illustrations shed no light on the proi)lcm. 
It seems absurd to us to claim that such luryc arteries have the sole 
function of supplying the tiny ridge fasciculus. As previously stated, 
no arteries larger than arterioles have been found by us oi’ others in 
microscopic sections of this bundle. We hold that the special-hloud- 
supply theory is as much a myth as is the concept of the conducting 
bundle itself. 

In the mammalian hearts that we examined we found no valid 
anatomic o\’idence to support the myogenic theory of cardiac conduc- 
tion. It .seemed natural, therefore, to search for morphologic evidence 
for the neurogenic concept. This theeny assumes that the cardiac im- 
pulse originates in the bodies of motor neurons and is transmitted to 
the myocardial elements througli their axis cylinders. Obviously tlic 
activating neurons must he located wdthin the cor it.self, ])ccausc hearts 
of the most highly developed mammals are capable of iliythmie eontrac- 
tiou after all nerve conucetions with the rest of the body are severed. It 
is anatomically impo.ssihle for a .single cardiac chamber tn funcfioii in- 
dependently. for the nuusele hands which constitute the atrial myo- 
cardium rini continuously’ from one atrium to the other, and all the 
.spiral muscles of the ventricles. Avith one exce[)tion, are common to liie 
lower chambers, t’liuical and exj)erimc‘ntal oh.siu’vations dearly indicate 
that the paired ventrieles and paired atria are (aj)able of independent 
rhy'thmie contraction. Therefore, if the neurogenic theory is correct, 
there must c.xist in the heart at least ou(‘ atrial and one veiitrieular jmee- 
maker. Since it has been c.stabli.shed that in adult animals cardiac 


cunlractiou begins in or near the suleii-s tcirninalis, it is logical (o.scm<’l! 
for a nerve pacemaker in this regitjn; ami because tiiere is good dccfio-' 
eardiogiui)hie evidenee that veuirieular activation begins in the upper 
part of the interventrieular septum, a A’entrienlar i)accni;ikcr may he 
found in this iueality. Tlu-se tlieoretie eonsitlerutions leail to a discti'-sion 
of the aiiatomy and physiology of the intritisie nerve tissue of tlu* heart. 

The nerve tis.sue of the heart has been studied by' many inve-stimitos •»- 
Wo huA'e reviewed the o])s4‘rvatioiis iif (he following inor>- recent students 
tjf this phase of eaidiae anatomy: Dogiejy PShiJ; 31ii}ler,'' 1924: fho'- 
man.’’ 1924; Fakutuke.” 1925: aiul WooHard,’* 192t». Their oh.sciAa- 
tkut.s are ,suiiuuari/.ed brinly in fin- folioulng paragrapim. 
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In a special study of the septal coronary arteries of ten human hearts, 
we made the following observations : _ 

The posterior, septal part of the atrioventricular groove is deep (2 
to 3 cm. in normal hearts) . It terminates anteriorly in the central 
fibrous body and the aortic ring. The ‘"artery to the node,” which 
runs in this groove, is one of several septal t^vigs of the coronary artery 
which gives off the posterior descending branch. In some hearts this 



Fig; .{. — ^aiicroscopic structure of the infravalvular part of the ridge fasciculus. 
Cross section. The ridge fasciculus is seen at the extreme right. A, Showing relation 
to other myocardial fibers. B, Higher magnification of A. 

twig does not reach the central fibrous body, but enters the septum 
some distance behmd it (Pig. 2). The diameter of the vessel varies 
from 1 to 2 millimeters. It lies in the loose, adipose tissue which fills 
the groove and, as a rule, divides into tW'O or more branches which 
enter the septal musculature near the central fibrous body. The artery 
■'vhich Gross named “the artery to the right branch of the His bundle” 
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of the so-called cardiac conduction system, we were astonished at the 
abundance of nerve colls encountered. The nerve cells seemed more 
numerous in the right atrium than in the letl. 

In the sulcus terminalis two types of ganglia were io\md. The larger 
groups, consisting of large cells, were closely associated with the entering 
vagi; the smaller, made up of smaller cells, wore found .some distance 
from the nerves. These two types of nerve cells were found hi every 
species e.xamined. Nerve cells were numerous around the inferior vena 
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cava. In the horse, we encountered a large collection of nerve cells in 
the anterior wall of the right atrium, j,lig)itly to the left of the ojicning 
of the inferior vena cava. In all tlie ungulates studied, large collections 
of nerve cells oceuned jmst behind the central fibrous body, and the 
nerve fibers itxmi these cells constituted more than half of tlie ».uk?!ant'e 
of the Purkinjc bundle. Nerve cells were also found in the rlaht and 
the left brunches of lids bundle. 
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Tile gaiigiia of Remak, Bidders, and Liidwdg are but a small part of 
the extensive nerve tissue found in the hearts of higher animals. The 
intrinsic nerve elements of the heait consist of nerve cells, nerve trunks, 
and plexuses of nerve fibrils. The nerve cells occur underneath the 
pericardium. They are exceedingly numerous in the atria, and are also 
numerous in tlie atrioventricular sulcus, luit are rarely present in the 
ventricles. However, Dogiel found ganglion cells in the frog even at 
the apex, and Woollard found nerve cells in the interventricular furrow 
of the snake. In man, nerve cells are either scarce or absent in the 
ventricles. The cells are of four types: (1) The most common type is 
round or polj'gonal, sends out from three to ten dendrites, and gives off 
nomnedullated axis cylinders, some of which have been traced to muscle 
fibers. (2) A less common type, often found in nerve trunks, is round 
and has long dendrites and medullated axis cylinders, some of Avhich may 
terminate in cardiac muscle CWoollard). (3) An uncommon variant of 
the first two types po.ssesses dendrites which interlace with adjacent cells. 
(4) A rare type, rosette-shaped, has nonmedullated axis cylinders which 
appear to end in muscle fibers. 

The cells of all types are found singly and in groups varying from a 
few cells, discernible only by aid of the microscope, to large ganglia 
readily seen with the naked eye. The ganglia are scattered diffusely 
under the pericardium of the atria and in the atrioventricular sulcus. 
The larger chains of ganglia are frequently found around the roots of the 
vessels. Large collections of nerve cells occur in the atrial wall of the 
posterior and anterior segments of the ventricular groove in man and 
other mammals. Anteriorly, these collections are most conspicuous be- 
tween the root of the aorta and that of the pulmonary artery. In the 
lateral segments of the atrioventricular groove the nerve cells are few, 
and occur singly or in tiny groups. Nerve cells located within the nerve 
bundles are most numerous in the anterior part of the atrioventricular 
groove. 

The nerve trunks, composed of medullated and nonmedullated fibers, 
extend from the atria to the ventricles in the region of the septum, both 
anteriorly and posteriorlj’- (Woollard). In the atrioventricular groove 
and in the ventricles the nerve trunks from which the subendocardial 
and subpericardial j^lexuses of fibrils are found follow the coronaiy 
arteries. Woollard described fibrils which penetrate the muscle cells, and 
stated that the nerve fibrils which terminate in nonmuseular tissue 
have a sensory function. 

Wilson^^ first gave an accurate description of the abundant nerve 
tissue which is present in the Purkinje bundle of the ungulates. All 
' of the observers who have studied the regions of the sinoauricular and 
the atrioventricular nodes noted nerve cells in close proximity to the 
‘■nodes'’ and found nerve fibrils among their muscle elements. Recently. 
Nonidez^-* published an illustration showing numerous nerve fibrils lying 
among the muscle fibers in the His bundle of the dog. In our studies 
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the region s.tudicti surprised us. Our observations are .shown diagiain- 
niaticaliy in Fig. 5; however, from our diagram one does not obtain 
a correct concept of tlu* large number oi nerve cells j)resent. *\ll sections 
eontaiticd nerve bundles and nerve fibers; more than two-thirds oi theiu 
contained from one to fifty nerve cells. The cells were most numerous 
iti the posterior and anterior septal segmcnLs of the atrioventrieuhiv 
groove, but were also found ehsewhere in the suleiis. In the groo\e 
they occurred siiurly or in small groups, lying loo.se in the fatty tissue 
or inside of the nerve trunks. Ganglia appeared most numerous on the 
anterior and posterior surfaces of the atria (Fig. 6). Large collections 
extended from the very surface of the heart to the central fibrous hotly 
in the posterior part of the groove. Here they were more numerous on 
the ati'ial side, and appeared to have no immediate relation to ncive 
bundles. The only segment free from ganglion cells was tlie one w’lnch 
extended from the central fibrous body forward the length of the septa! 
aortic ring. In front of this segment, hctwcen the aorta and the pul- 
monary artery, large collections of nerve cells were found in all hearts. 



lieie they fonm-d an almost continuous ma.vs, extending hctwcen the two 
coronary arteries and l\ing on tup of the anterior j[)ortion of the .septum. 
It appeaj*s. a.s Woollaid lui.s re{iortcd, that tiie ganglion cells found in the 
nruovc on its hilerai aspects aie cxlcnsi(jn.s of the mas.se.s found in tiic 
antf-rior and posterior j)art of tim nroove. The posterior inas.s of gau'ilia 
is :x dircec e.xtension of the nerve tissue betAvemi the two atria ami arouiul 
the lartie veins. Tlu- abundance of m-rve trunks found in this part “f 
the heart is iinpie.s.si\c (Fig. 7 >. Those fouiui in cros.s .s(ctiou in ih'* 
nejyhhorhood of the coronai"^ aiterics are nmiuubtcdly ncrvc.s followmg 
the ves.-'CL. In tlu* nerve trunks, in the anterior jiart of the "loove, nerve 
eelLs frequently oeeiir ^Fig. 0, Jh. Jjome of tlu- Hunks, which wcie cut 
longitmlinally, prubisMy c.Mcnd into tin- ventiicles. The nervrs in du 



GLOMSET BIRGE: CARDIAC CONDUCTION SYSTEM 535 


In order to obtain more information about the relation of the intrinsic 
nerve tissue to the upper part of the ventricles, Ave made longitudinal 
microscopic sections of three human, and one canine heart in the 
region of the aurieuloventricular sulcus. The blocl^s Avere cut to include 
both the atrial and the ventricular portions of the groove. The material 
Avas fixed in formalin, and sections Avere cut from both ends and the 
middle of each block. All sections AA'ere stained Avith iron hematoxylin 
because by this method the nerve cells and nerve trunlvs are readily 




Pig:. 6. — ^Nerve cells in the atrioventricular groove. A, Ganglion in loose fatty tissue. 

B, Ganglion in a nei've trunk. 

recognized. No attempt Avas made to study the finer ramifications of 
the nerve fibers because such studies have already been made by several 
competent investigators Avhose observations are essentially in agree- 
ment. The heart of a dog was included in tins study because we Avished 
to compare the observations in man AAdth those in the dog, and because 
immediate fixation of the' dog heart after death eliminated possible 
errors due to post-mortem change. The richness of the nerve tissue in 
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as large and small collections and as individual cells into the atrio- 
ventricular groove. These nerve cells are most numerous in the posterior 
and anterior part of the groove. Most of the ganglia lie near the peri- 
cardium. Many collections of cells occur inside the atrioventricular 
nerve trunks in the anterior portion o£ the sulcus. Numerous nerve 
trunks follow the eoronaiy arteries; other nerves extend from the atria 
to the ventricles posteriori}-. Smaller branches sometimes follow the 
eoronaiy arteries in the ventricles. "Woollard and othei-s have shown 
that the nerve trunks break up into pericardial and endocardial nerve 
plexuses, both in the atria and in the ventricles. 

6. "We, therefore, believe that the cardiac musculature is under a 
nervous control similar to that of other muscle tissue, and consider it 
physiologically unsound to draiv conclusions concerning cardiac conduc- 
tion without taking cognizance of the rich, intrinsic nerve system of the 
heart. 
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ventricles are always found in the neighliorhood of coronary vessels: We 
have found individual ganglion cells in the conus arteriosus, but no- 
where else in the ventricles of carnivorous animals. Our studj', however, 
has not been exhaustive. 

In mannnals an abundance of nerve ti.ssue was found. This tissue 
eoiLsists of nerve cells, apparently limited to the pericardium of the 
atria and the atrioventricular sulcus; nerve trunks, passing froih the 
atria to the ventricles; and pericardial and subendocardial plexuses of 
line nerve, fibrils in. both the atria and the ventricles. The fibrils of 
these plexuses lie on the individual muscle fibers, and penetrate some 
■ of them ( W ooUard ) . 

What is the function of these intrinsic nerves of the heart ? Obviouslj^ 
our study does not answer the question. GaskelP^ held that the cardiac 
impulse has a nervous origin in the frog, and Carlson^^ showed that the 
intrinsic nerves of the heart originate and control cardiac contraction in 
the king crab. AYe have found ample morphologic support for the 
neurogenic theory in the hearts that we have examined. 

CONCLUSIONS 

1. The ridge fasciculus (the His bundle) is a slender muscle bundle 
in the upper part of the interventricular septum, measuring from 1 
to 2 mm: in diameter. It originates in the ventricular portion of the 
central fibrous body (trigonum fibrosum), runs forward just under- 
neath the me.sial part of the aortic fibrous ring, continues caudally 
underneath the fibrous , ring of the tricuspid valve in the fissure be- 
tween the - mesial and the anterior cusps, and extends do\vnward to- 
ward the base of the septal papillary muscle. It does not bifurcate, and, 
therefore, has no left branch. It is not surrounded by a special con- 
nective, tissue covering, but lies in intimate contact with other muscular 
elements of the septum from the place Avhere it emerges from the canal 
ill the central fibrous body to the base of the papillary muscle. In some 
hearts it is covered with muscle bundles which ran obliquely across it. 
It is structurally identical with the other muscle fasciculi of the heart. 

2. The ridge fasciculus has no special vascular supply. The ramus 
septi fibrosi (Haas), a branch of the coronaiy artery which supplies the 
ramus descendens posterior, enters the ventricular septum just behind 
the central fibrous body and probably supplies the arterial blood for 
the ridge fasciculus. It is possible that the ramus limbi dextri (Gross) 
may supply the lower part of the fasciculus. 

.. 3. We have not found any muscle connection between the fibers of the 
ridge fasciculus and those of the right atrium. 

■±. We have found no anatomic evidence to support the myogenic 
theory of cardiac conduction. 

5. The heart has a well-developed, intrinsic nervous .system consisting 
of nerve cells, nerve trunks, and networks of nerve fibrils. The nerve 
.cells are found underneath the pericardium of • the atria, and extend 
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in a general review of myocarditis, mentioned tliat in only three of the 
reports included in his review were tubercle (acid-fast) bacilli demon- 
strated- 

fJiant cells with radial inclusions have been reported only once in the 
nn'oeardium. These inclusions of giant colls were descrilied hi-st by 
Goldman' in a dermoid cyst of the neck and, since then, have been 
observed in various viscera. From observations and experiiueut.s, 
Ilirsch- concluded that the inclusions probably ai-e a crystalline form 
of fat, such as palmitin or stearin, which bad separated in the lesions 
fiom a liquid fat system containing cholesterol or substances with the 
l)hysical properties of cholesterol, and that gradually, in the tissue.s. 
these crystals had become insoluble in the usual solvents for lipids. 


CASK REPORT 


A white woman, aired 65 years, entei*ed St. Luke’s Hospital Nov. 12, 
1942, and died Dec. 3, 1942] In August, 1941, the patient had bundle 
branch block, but she was not decompensated. In August, 1942, in an- 
otlier ho.spital, a radical, right-sided mastectomy and axillary dissection 
had been performed. She had symptoms of coronary occlusion on the 
fifth hospital day. An electrocardiogram at that time revealed slight 
change from one made the previous year. SJie entei’cd St. Luke's Hos- 
pital because of nausea and vomiting, sweating, salivation, and extreme 
weakne.ss that began suddeidy two hours before admission. The ci’ythro- 
cyte count was 4,620,000, the hemoglobin was 13.6 Gm., and the leneo- 
cyte coiuit was 7,350, The urine contained more than 50 mg. per cent 
of albumin. An electrocardiogram showed ])artial A-V heart block ami 
intraventricular block. The temperature was 98.4° F. ; the pulse rate, 
96; the respiratory rate, 28; and the blood ])re.s.sure, 125/85. There 
were dccrea.sed breath sounds and dullne.ss over the left side of the 
chest. The heart was grossly enlarged. The tones were irregular and 
of j)iwjr <iuality, with extra.systoles and gallop rhythm. Koentgenologu* 
examination revealed compre.ssion of the lower lobe of the left lung, 
apjmi-ently cau.scd by the enlargement of the heart. The transvcr.se 
diameter of the heart was increa.scd. O.xygen, aniinophylline, digitali.s, 
and sedatives were given as nccc.ssary. She was dysitncic, .'ind her condi- 
tion did not imjjrovc. On the tenth day in the hospital tuimbnc.s.s tit the 
right foot was noted, and examination .sliowed that this extremity wa^ 
colder than the left, was anesthetic to the ankle, and was cyanotic. This 
condition became wurse. In the twentieth day in the hospital the left foot 
.showed similar changes. The j»alicnt's temperature ro.se on the 
eighteenth day to 103.2° F., and the jnd.se rate increased to 100 pt-r 
minute and to 160 terntinally. .She died on the twenty-first day in flu; 
hospital. 


The ('.sscntials of the ])0'ii-mortt 

• i 1 1 I . j » ftt\ i 


base of the heart was 12.5 <a-ntimeteiw. Tin* IhicktiC'i.s of the myocardium 
of the right ventricle near the .^eptiun iss front was 2 iniiliiiietcm. ^*he 
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EMBOLIC THROMBOSIS OF THE ABDOMINAL AORTA WITH 
TUBERCULOUS (HISTOLOGIC) LESIONS OP THE HEART 
CONTAINING GIANT CELLS WITH RADIAL INCLUSIONS 


Robert A. Beebe, M.D., and George H. Coleman, M.D. 

Chicago, III. 

A mong the numerous published reports of tuberculous myocarditis 
and endocarditis there seems to be no record of a complicating 
mural thrombosis with embolism and thrombosis of the aorta and both 
common iliac arteries. This sequence of myocardial disease and com- 
plication is described in our report. The lesions in the myocardium have 
additional interest because some of the giant cells in the granulation 
tissues had radial inclusions. The association of giant cells with radial 
inclusions in granulomatous lesions of the myocardium resembles the 
conditions recorded by Diss^ in the heart muscle of a w’^oman, aged 64 
years, with chronic tuberculosis of the lungs. The nodules he described 
in the myocardium consisted of epithelioid cells and giant cells, and 
several of the giant cells had asteroid inclusions. No acid-fast bacUli 
were found in the lesions. A review of the reports of giant cells with 
radial inclusions, additional descriptions, and an interpretation of 
the nature of the inclusions was published by Hirsch." 

Tuberculous myocarditis is not rare, and in some of the myocaidial 
lesions acid-fast bacilli have been found. Townsend, “ of Dublin (1832), 
is considered by some to be the first to describe tuberculous myocarditis. 
Horn and Saphir,^ however, stated that Morgagni, in 1761, is generally 
. regarded as the first to have recognized tuberculosis of the heart mu^le. 
From 1832 to 1865 only a few reports were published. In I860, Haber- 
ling, according to Anders,® collected twelve cases, some of which 
of- tuberculous pericarditis only. Sanger, Anders® stated, reported 
twenty-two cases, iucluding three of his own. .^ders review, m 
1902, brought the total number reported at that time to seventy-two. 
Horn and Saphir' stated that Raviart had collected one hundred 
eighty-five cases of tuberculosis of the heart muscle in a review of 
the nteratuix up to 1906. Of these one himdred eighty-five cases, 
Raviart considered one hundred twenty-one to be authentic. Saphir, 

the Henr>* Baird Favill Laboratory of St. Luke’s Hospital. Chicago. Illinois. 
Aided by the “Winfleld Peck Memorial Fund. 

Recei-ved for publication Nov. 17. 1943. 
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The anitiomie diagnosis was: nmrke<l elironic Tibi-opla.stic myocar- 
ditis; mural thrombosis of the emloeardium of the left and right 
vcfUrVles of tile heart; cloudy swelling of the myocardium; obturator 
rhrumbosis (embolism)" of the aorta, the right and left (mmmon iliac 
arterit-s. the right and left external and internal iliac arteries, and the 
rieut and the left femoral arteries; recent infarcts of the kidneys, 
sol. eu, and left lung; obturator thrombosis of the smaller branches of 
die jmbiionary arteries: fibrous and fatty changes of the coronary 
arteri*-., marked fibrous stenosis of the anterior descending branch of 
!!!.• h'fi coronary artery; clumnie fibrous tuberculosis of the lungs; 
eiiififieatiun of the tracheobronchial lymph nodes and of the para- 
bnmchial Ivmph nodes; and gangrene of both legs and feet. 

tiections of the lateral wall of the left ventricle which included por- 
lions of the mural thrombus were examined miero.scopieally. Beneath 
the narrow opieardium was a wide zone of fat tissue, much of which 
was necrotic. Most of the myocardium was replaced by hyalinizccl 
fibrous scar tissue. Portions also had ma.s.scs of granulation tissue eom- 
po.scd of epithelioid cell.s. lymphocyte.s, and .scattered muUinuelcatcd 
and vacuolated giant cells. Some of the laler giant cells contained re- 
tractile radial inehisions (Fig. 1). The adjacent interstitial connective 
tiNsue also \va.s infiltrated by granulation tissue. Along the endocardial 
margin there were granulation tissue thickenings containing lympho- 
eyte.s, opithelioid cell.s, and a few Langhans giant cells (Fig. 2). On 
the endocardium here there were mural thrombi. The main portions of 
the thrombi were hitrin, with .seatttu'cd erythrocytes, lymjthocyte.s, and, 
in some places, polyimeiear leiicoeyte.s. Seetion.s of the granulation tissue 
in the my<K-ardium were stained aceoriling to the Ziehl-Xeolscn method 
for aeid'fast haeilii. Two .struetures elo.sely sitnulaling aeid-fa.st bacilli 
Ui’ic found in tln-M* Ic.sions. No aeid-fast organisms were fotind in the 
endo,-ard!;!l le.'iions or iti the tliromhus material. 

The delict, in the upper lobe of the rigiiL lung had a fexv 

•ve.Uit imi !ymphoe\tes in ii vascular fihn^plastie ti.ssue ami .several blood 
ve-M*!. Tonanl tin- peripiiery tliere were dil'fu.se aggregates of lymidio- 
.'Vt.'S. ipitiselioid eells. ainl many multinueleatetl giant cell.s in a 
n>aiini.o d iihiuu.s stniina. 3Iany of thc.se giant ceils al.so had large 
oeL.i!.- j< naeiil- im-iusiojLs surrounded by .small vacuoles eoiitnining 


'li.i 


-!ii* 


eranuus. A ic-.v iarg< 


. atommiiclc-ar cells contained partiele.s 
oj t.irirftn. In-,' parabrimchiai lymph nodes shown*! .similar Ic.sions, con- 
t.juung ‘„'uuii <e!K uitii .sielhit** imdusions. Tiie lesions in tJic kidney.s, 
in *)se sph-ea, and in the lung were recent iufarct.s. 

Is.e hFtoh'gie di.iguo'jis w.i-, ; ehronic fibrous tuberculosis of the 
css-.s.jiie 5im'ou.s tuben-ulosis ( histologic.) of- tin* lungs and 
UJuu* .>i4p,n mrii h; u-’cnt inLircr.-» of tim kidneys, .spleen, and liuigs; etc. 

31uiv.l thrusiiiiod'. wit.h tubereuloiH myocarditi.s is not uneommom Ac- 
.da.ii'-ull,’ eaniiac thrombi were descriheil fii-sl by Rokitan-sky, 
1 by Pdivhdluwebield.'-' Bireij-Jiir.schfekP found, in 
ot .i man -AUu iiad genituiuinary and pulmonary 
'J.r.M nt-,;(y m.vij which at first was thought to he 
O'.u a tuhcreuiou.s tiirombus com- 


c.irw*u:g isj 




t f. r* 


sro'c 


primary 


i.od cc.-chk tiirmnbtm material, TurozzP 

t.g.j p.;p;!k:r;, i.nu-csT* „f ineti.-?pir| valve, alfou 
ill ti.e h.jdy of a person who U:nl luheruu 
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pulmonic leaflets were smooth ; the tricuspid leaflets had slight fibrous 
thickenings. The lining of the riglit auricle and the right aui'icular 
appendage Avas smooth. In the right Amntricle, on the septal surface, 
there Avere fibrous plaques ranging to 1.1 cm. in diameter, and the lateral 
Avail AA'as rough and granular. The myocardium of the right A’^entricle, 
on surfaces made by, cutting, Avas extenshmly replaced by fibrous tissue. 
The thielaiess of the lateral AAmll of the left A^entricle along the septum 
beliihd Avas 0.9 cm. at the apex, and 1.5 cm. at the mitral, ring level. 
There AA^ere slight fibrous thickenings of the mitral leaflets, especially of 
the anterior one. The lining of the left auricle and the left auricular 
appendage Avas smooth. Adherent to the lining of the lateral Avail of 
the left ventricle behind the papillarj' muscles there Avere several 
partially organized mural thrombi; the largest Avas about 2.8 by 1.8 
by 0.7 centimeter. Surfaces made by cutting the lateral Avail of the 
left ventricle shoAved gray-red fibrillar tissue Avith marked cloudy sAvell- 
ing, and, on surfaces made by cutting the septal myocardium, nearly 
tlie entire AA'all Avas replaced by sear ti.ssue that extended from 1.3 cm. 
aboA^e the apex to the base, and eoA^ered a region 6.3 by 6.8 centimeters. 



. kig:. 1. — ^Photomicrograph illustrating a giant cell with a radial inclusion (X775). 

Three small hyperemic gelatinous regions, about 1 cm. in diameter, 
Avere in the center of the scar. The anterior descending branch of the 
left coronary artery shoAved fibrous changes, and the lumen Avas markedly 
narroAved. There AA^ere moderate changes in other portions of the left 
and the right coronary arteries; the lumina AA’ere patent. 

. In the abdominal aorta, beginnuig at the upper margin of the celiac 
axis, there Avas a firm, ante-mortem, gray-red blood clot Avhich com- 
pletely filled the lumen and extended into the right and left common 
iliac arteries, the right and left external and internal iliac arteries, and 
the right and left femoral arteries. The first portion of the clot con- 
tained gray-Avhite fibrinous material. There Avere recent infarcts in the 
kidneys, spleen, and the posterior inferior portion of the lower lobe 
of the left lung. In several of the smaller pulmonary arteries there 
were obturator thrombi (emboli) . 
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Selected Abstracts 


C; FUtration Across tho Vascular Wall as a Fiinctiou of Several Physical 

Factors. Am. J. Physiol. 142: G71, 1941. 

A li.fUioil for iletemiiuing the filtratioa rate under controlled condition.^ is 
prtv”aU-<]. Thi.s method depends on tl»e continuous recording of the weight of a 
perfucCd preparation. The relationship between tho osmotic pressure of tho per- 
fujiuii medium and the tiltratiou rate is established for four colloidal systems: 
albumin, rtcoruititutcd plasma, pectin, and gelatin. The relationship between tho 
perfusion pressure and the fdtratiou rate is established for three types of perfusion 
riauium: coiloid-free saline, albumin solutions, and several dilutions of reconstituted 
ptusirsa. The following conclusions nuiy bo drawn from the data presented: 

a. There is an inverse linear relationship between the o.smotic pressure of tlic 
perfusion pre.'.iure and the filtration rate when albumin or plasma i.s used. 

b. There is a direct linear relationship between tho perfusion pressure and the 
till rati uu rate. 

e. The blowl vessels of the preparation msed can retain to a higli degree molecules 
of the magnitude of albumin. 

d. The blood vcs.'-eb of tho preparation u.^ed probably permit the passage of some 
fracti'Ui of the poly-di.'ipersod gelatin system. 

e. 'I'la* vtreotive osmotic pressure of a colloid in tho vascular system is equal to tho 
ocnotii' pressure determined in a physical os’inomuter only if tho nicmbrano used 
in the osmoii.eter and the vascular wall both retain the same fraction of the colloidal 
’‘Vsteai. 

Author. 


Evans, G.: Clinical Manlfcstatloiia of Arteriosclerotic Dhsease. Practitioner 153: 
129, iuu; Hoskia, T. J.: Diagnosis and Treatment of Coronary Diseases. 
PractitioiuT 153: J914; Wilkinson, K, D.: DLignosia of Congenital Heart 

Dt-wase. PravtiiiomT 153: 1 10, 19H; Cookson, H.: Tho Treatment of Cougos- 
Isve He.art Faduro. Practitioner 153; 153, 3914; Watkins, A. G,: Management 
of Elxenmatlc Heart Dise.a.HO in Early Life. Practitioner 153: 101, 1914. 

K... Is i..f tho above articles diseu>se!> clinieully the .-rubject under eonsideratioit. 
Ihj matcml i-. didactic but pre.'ent.-> conservative opinion and tho presenfation is 
o.t- r. 'tnig. li -huuKl be important reading for tlio-u seeking information on each 
The article on heart di.-eu>e in early life in pnrticulurly important. 


-liPfir, H.: Spontancou.-} Mcdl,ast!n.il Empbyaema With Pneumothorax Simulating 
0:f,s.5iic Hc-wt Dmcasc. Am. J. M. Sc. 200: gU, 19 s.',. 




ei»j>hy .ema is brietly di'icus.eU with a short xevitm' 
.-lim-'.jl and e:5p'-:rij!,e.>jtal ht-ratiiji*. Four lUr.v c.-us-s of .spontaneous 
a.i.j-'.aU'd v.ith left-«kU’d pneumothorax are duJt*r)l.-'d in 


a 


'ty, pb> «ica! evaminati.on, or fh’ctrocxirdiographic i’xnminBtiwJ 
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losis. Moser^^ stated that thrombi of the wall sometimes accompany 
large solitarj'- tubercles, which by far are the commonest form of cardiac 
tubefcnlosis. Townsend^ described a large tuberculous mass almost an 
inch thick in the wall of the left auricle. Death resulted from asphyxia 
Because the mass compressed the pulmonary veins. Hoisholt, accord- 
ing to Moser, in a case of pulmonary tuberculosis, found a lesion 3.5 
cm. in thiclmess in the wall of the left ventricle of the heart. There was 



‘ •Eie.,2.— A, Photomicrograph illustrating an endocardial mass of chronic granula- 

tion tissue (X198). B, Photomicrograph illustrating a perivascular mass of chronic 
granulation tissue in the myocardium (X198). 

a similar mass in the upper part of the right auricle. Moser^^ observed 
a firm yellow thrombus at the apex of the left ventricle in a ease of 
tuberculosis of the lungs. Pueschman, according to Anders,® described 
, a caseous tubercle which extended through the wall of the right auricle 
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,!i ■••.u!- 1 t-A't*'. UfU' :iu <8 lu twdvi* uf tlif.-i' ca-t-x tlio liiuliut; 

<,f .1 ruc.biia-T apaaii iitiii (Ha-tolii- iiuinmir {•loi-oh-ti In- moiu!i.-< or Venn- (ho appiMf 
ui---.- <11* thr jiic-.'.'iolio >Ti-M-otuio niunnur of mitiai .■xtono-i.-. In (on ollirr 

„{ i)u‘ a ^irtdiar iiii<i dia-xtolic tinmmiv wa.- MilncquoiUly foiimi to 
^.ar Tii.- :.ppcituitK-f oi arivntuatiou of tlio upu-al lioart ?ouinl and of tlio [ml- 
if.a- • '’!.(] '• and in rlR-ujiialii- patient-, diould .•.fiiiiiilati* llu* elinioian to .-.fun'li more 
£>>■- i.-!!nite .-‘iiiu.-. of valvular ilin-a-e, hut of thems-elve.- an* of little pnt«'- 
re-..! '.-'i- '!• :<*rieai.iino the development of uiitnil .-.teno.-xia. The pre.-enee of npieal 
X.,*. ’t ■■.ariieir- of .--lioiit iuten.-ity ainl of apiiul third hesirt .-ound;. r-eem to have no 
_ d !ri'j.!!cation.">. 

i !u- ri -i.it- of the -tudy .'Ui'se.-t that in adokneent and youns adult rheumatk 
p,' .1,:. a dcriiiite diai;iio.-*if of mitral t.teuo.'i> i-lumld he made only on the tindiu'4 
of a h.n^ rumhlinic pre-.y-tolk- apieal ercn-eiido inurinur eiuliii" in an at-eentnated 
Uf-t heart .Miiind. The diaono.-t.-. may he Mmpeeted on the lindin^r of delinite apietd 
tuid diu-lolie murmur.^ hut with the e.vpeetatioa that appro.xiinately htilf of tlave 
murmur,-, will di-appear with lurthtw oh^eivation. 

AfTUDim, 


Loowe. L.: The Combiued Use of Penicillin and Heparin in the Treatment of 

Subacute Bacterial Endocarditis, t’anud. A. .1. 52; I. lit hi. 

.S-veiith Aiimiai Loui.-i C»rf).'.s Hemoriul Lectuie didivermi tit the .Jewi.-ih Cu'iierul 
Ilo'.jiital, Montrejil. 

Ai;e and .'.-x Imve no heariiu; on the outeoine of therapy. 

Th.* type of otxaui*ai. apart from the so ealied -.tieiitoeoeeim .■.peetes i.s imniateriiil 
t.r tl... uateuiiii- of therapy, provi.k-d it ns iuliibitable hy {lenieillin, witliin praetleal 
Isadi'., tU’.'iT to if.lU.l O.xford unit-.). 

If the i.itient is in .;oi.d phy.-ieal eonditioii, the duration of the di'-ea.-e is ICs.-* (htiu 
t!i;n' month.-., ,ind the e.iusrttive oiouuisiii is sen.'itive to penieillin, a .stUi.sfnetory 
t. .uU may Iv until spjf < 1 , i.-uruio to i-i.lent-, in virtually every ea.-e. 

AfTlioia 


Guy, P. r.; Bbciimaiic Pever ot Childbood. Xonhwest lied. -13: Kid, ILill. 

1 fohk ;; X 1 -!!. !i ■! ill the diaoiiD-.i- of one hundred .'-eventv--ei};ht ease.s of 
rheimato- fever admitt.d to the rhildr.-i.X Orthopedic Ho.-.|dtnl of Seattle art) 

ic.7- S,v<> !,. •.!.?:» .hill. . a. ,>i ii.t-umaii.- f.-ver att* tli.--^ in.'-ed, timl tin* ah.tniet of a 
t- i"‘ ! ;>!. ?v 3T -hj. !)!!„' aii t'.Vc s- u»v.-n. 

;..c on-, t t.s th. tm'tli.' ;cv.-r and the !ref|ijei!cy of ti pre>-cdiii^ episode in the 
- ■‘i.-ht-d e;;;h; i c.-s are .uiaiv.-ed tiiui referelio- i.s inatle to the p.'ift 

t'.i. .St, ,-i. , sofi/ti, ax, 

j ;.«- 5..!,..* of , a- m-ittuin.t.at care timia;' the lo.xie jicnml is ilio-n-wd. 

)■ ‘ o.s ip. i.-vcf p itica:-, the t,v;e of on-.'t, aiui tither oh-ervatioifs 

^ 'j, ,|, 

.\ujiton. 

jr. r, : .Vxyir,pi<}.matie Heart ULiu-aj in Younji Adults, .s'.mih, 11. .'i?: 

' , » 4 i. 

^ ’ dSonp ..r -,pp. ,.!K iu..,jii,y c.indi.intes for militaf.^’ 

, \ ' , ' ' •' ’■* '■’* '‘-I i-'-t > cat. The iie-ldctx-c of 

V t.vj" - .c-arfrt, d tr, i.cj.sJiv ,!, .•,.p:c<} -.fatl-ticai ihit..- 

_ ' , , ’ ’’ 1’*” •*''*< ’ , xi.iO.-'.f Hi.iy J,l j„.j. ef 

, _ ■''* ~ ef t. -ir dif. i;j,j ,jxi\y |„.j. 4,.j,} ,-«ja-.i,p n .S 
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Evans, W.: Tlie XTnity of Paroxysmal Tachycardia and Auricular Plutter. Brit. 
Heart J.,6; 221, 1944, 

A right pectoral electrocardiogram (GE,) demonstrated the presence of A-V 
dissociationj usually 2:1, in twenty-seven consecutive cases of paroxysmal tachy- 
cardia, Further investigation is necessary before as.sigaing this feature to all 
or to the majority of, such patients. 

in, the meantime the finding suggests the common unity of paroxysmal tachy- 
cardia and auricular flutter, with auricular tachycardia as the essential mechanism 
of each, showing variations in rate and in the degree of A-V dissociation. 

Author. 

Szekely, P.: Chest Leads for the Demonstration of Auricular Activity. Brit. 
Heart J. 6: 238, 1944. 

Special chest leads were used for the study of auricular activity and compared 
with the standard leads. The exploring electrode was placed in the third inter- 
costal space at the right sternal border and paired with the right arm or left leg. 
The former lead was referred to as auricular Lead R; the latter, as auricular Lead 
P. Auricular Lead. P was found to be more useful than auricular Lead E. 

These special chest leads were studied in cases with paroxysmal tachycardia, with 
auricular fibrillation and fluttei*, and in a number 'with sinus rhythm. They often 
showed auricular waves to much better advantage than did the standard leads. It 
is suggested, therefore, that the recording of these leads is indicated in all cases 
in which there, is doubt about the activity of the auricles, 

hTo correlation was found between the size of the right auricle and the amplitude 
of the P waves as recorded in the auricular leads. It seems, therefore, that the 
amplitude of the P wave in the auricular leads is also determined by factors other 
than the size of the right auricle. The anatomic position of the right auricle in the 
thoracic cavity and its relation to the anterior chest w’all are suggested as possible 
factors. 

Author. 

Tubbs, O. S.: The Effect of Ligation on Infection of the Patent Ductus Ar- 
teriosus. Brit. J. Surg. 32: 1, 1944. 

The anatomy, physiology, and pathology of the ductus arteriosus are briefly re- 
viewed. 

Nine cases of subacute bacterial endarteritis complicating a patent ductus and 
treated by ligation are described; six of these patients are well today, from fifteen 
months to over four years after operation. 

The technique of the operation is described. 

The reason why ligation frequently results in cure of the infection is discussed. 
The effect of ligation on infection of a patent ductus has been dramatic, although 
perhaps unexpected, and infection must now be considered an absolute and urgent 
indication for operation. Under these circumstances it is important that the super- 
vention of infection should bo diagnosed early; any patient with a patent ductus 
who runs an unexplained fever for more than two w'eeks should be suspected of 
this complication. 

Author. 

Boone, J. A., and Levine, S, A.: The Development and Interpretation of the 
Auscultatory Signs of Mitral Stenosis. J. South GaroKna M. A. 40: 203, 1944. 

During a study of 225 cases of ‘^‘potential rheumatic heart disease’’ and 
‘'rheumatic mitral insufficiency’’ foUowed closely over a period of , five to: twenty- 
tliree years, the auscultatory findings leading up to a final diagnosis of mitral stenosis 
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u?siii*iul ri'-'Dirutiuii ilio pfc^:^u^c lull:? ^lurin;^ iuiLxtion^ duo to nu 

;r..tioLe of of tl;o pulmoiiury circuir. With urtilieial rospiratioa and high 

n*'* j crprc.^curo tlio iiiilov*' to both vontriolos i^ hiiii)|icrod iu iiddititiii to tiic incrtitHcd 
of t:u* p!il0;ynary circuit, whicli determines the fall of the syatemie prea- 


.-■.jrc an> 


i tL>- ri lit 


iccil pu'.'O pressure in both cirouita. 


Authors. 


Froalc.rjcr. G. G., Neumann, C., and Graef, I.: The Measurement of the Blood 

Pre.vire in Eats With Special Eeference to the Effect of Changes in Tem- 

t.’'.iUire. Am. J, Phyaitd. 1-13: 390, J9io. 

T'.-o relation between blood prc.-:--<ure, cardiac rate, .arid tiro temperature of the 
rat ha- bi-.-n investigated. Indirect (pleihy.-^niographic) and liirect (llarailton 's 
optical aiaaoructer) methods for measuring the blood pre.ssure were u.sed. 

The .sy.stolie pres.'Ure of trained, normal unanesthotized rats, as meusured by 
a miHlincalion of the indirect method in which there is no change iu the rect;d or 
cmaticou,-' temperature, was i>,> to 95 mm. Ilg at room temperature (3-1'’ to 3S'’ C.), 
To sr. Old the elevation of body temperature that oeeur.s when animahs are held 
in ci.'iiiainerj with solid wall.-., tin animal holder with walls of wire mesh was 
f-m:.!! U'cfuL 

Klevatiag the eutanoou.s and rectal temperatures of normal tiuesthetizud or un- 
:ui> .-thetized rats wa-i regularly followed by it jirogre.-sive rise iu blood pressure. 
The more rapidly the cutaneou.s temjMirature was iaereii.sed, the more rapid wa.s the 
blood pn-'sure response, Fluctuatiou.s iu cutaneous tempeniture corresponded more 
cbevly in lime and extent with the eimiiges in blood pressure, tlniii did tlio changes 
(u rectal tci;',p..'rature. 

l)cpre-'iii.g the tet/iper;iture ni normal unaneotheti/ed or iiaestheli/.ed ruhs was 
f-.dbvoid by a fail of blo.iil pn-.-.sare; :ifter thirty minute.- or mure the blood pressure 
r-.-'c ag.iin. oci a.-iomdly to li_\ ji-rten-ive level.-, (';irdiae r.ife rose iuul fell with the 
b! pr»---inre hi liea; -froke, when it ummined iieeeleniteil after the prev.-or 

I t ii'.id dis-itip>,''.<r«.d. 

AUTUOtW. 


Mcdoif. IL S., and Boticctov.iimi, A. M.; Age, Sex .md Species V.ariations on 
Blo*d Pressure in Nonnal Eats. Ant. A. I'iiy-iol. 1-13; 397, J9-L"). 
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-vfie- of on.- hundred .-ittd thirty Wi.star Albino rat.s and 
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iii!Xt-:<-n- cc ! c!w-.c!i t!ie.-ic two .-pecit'-. 

AUTHOR.’!. 


D; 


ri. O. i’,: ExpertmcaUl ilypert^ 
lUitcUC-n oi StrcjitOCOCcL Are::, 

'L'T''’"' .'oa.j.aral-i- ; 
■-'Ut.-,' d..-c ir, amu lm>c Li-”:! 


emton; Its Proiluctiou in Dogs by Intravenous 

Pat.'.-. 39: ,sl, !!G5. 

..-..-vathd hypertension and hyperteasivo feme 
pft.-l!a-..d in d(»g-. by intru^t-nons injeetioni of 


AUTtJO.'R 


,, i. ViT,, and Ertdgci, W. C, : Tha Henril iluinorai Freiisor Mech- 

U :din, I. Prc|5.Tratl-an and A^aay of Human Eentn, Iluasan Ilypefwa- 
i— at;i Jiypirii'n.’)ia, ,5. 2i; tig, p.i',.*,. 



\\ » 


H: s 


of /i-ajji u-ud hyper'-*, U' 

a d’ -.-rj},-;.!, so^,>;h,.r •■vith tSicir Us.-n/ bv 
iha'-.-iolo, J>-!otr, Mono/, an'i 


AUtj.'o-,-*:. 



\ • ABSTRACTS AND EEVIE\yS ^ . 549 

By standardization of criteria as to what constitutes a significant abnormality 
and by more universal adoption of a more complete method of examination, much 
could be done to eliminate errors of diagnosis. 

It is believed that individuals Avith organic heart, disease, even in asymptomatic 
cases, should be acquainted with the. x>resence and nature of their disease in order 
that they may properly adjust themselves to a routine of life designed to produce 
maximum ef&eiency for the longest period of time. 

• Author. 

Moses, I/. E.; Mechanism of the Effect of Hyperthyroidism on Cardiac Glycogen. 
Am. J. Physiol. 142: GSd, 1944. 

Methods Avere deA’eloped for accurate and consistent determination of heart rate, 
oxygen consumption, and cardiac glycogen in the Avhite rat. A technique Avas also 
devised for the remoA'al of large amounts of blood from the rat’s tail. Standard 
‘^predictable” levels of heart rate and basal metabolic rate Avere established in 
110 rats. After approximately tAvo AA'eeks of experimental manipulation, cardiac 
glycogen contents Avere determined and compared, in relation to the changes produced 
in heart rate and metabolic rate, Avith normal controls and Avith each other. Moderate 
hyperthyroidism Avas found to deplete heart glycogen to an extent directly related 
to 'the increase in heart rate but not closely' related to the metabolic stimulation. 
Atropine and chilling (by depilation) decreased heart glycogen, in relation to the 
tachycardia produced, to a degree similar - to that obtained in hyperthyroidism. 
Caffeine caused a smaller loss of heart glycogen, Avith reference to tlie stimulation 
of heart rate, than Avould have been predicted from the effects of thyroid, atropine, 
and chilling. This might have resulted from the increased blood pressure and the 
coronary dilatation eliaraeteristic of caffeine medication. Primary anemia pro- 
duced a decrease in heart glycogen roughly correlated Avith the decline in hemoglobin 
content of the blood. Cobalt polycythemia seemed, to a slight extent, to protect 
the hyperthyroid heart from loss of its gljmogen stores. The decrease in heart 
glycogen of nineteen hyperthyroid rats Avas participated in by botli the left and 
right ventricles. Loss by the left ventricle Avas greater by an average of 37 per 
cent, but the variability of results, due to technical difficulties, renders tlris dift’erence 
not , statistically as significant as might be desired. 

. It is concluded that the decrease in heart glycogen by hyperthyroidism is not 
duo to any specific “toxic” influence of the thyroid hormone. The suggestion is 
tentatively offered that the glycogenolytic actiosi is exerted through a relative 
i.schemia caused directly and indirectly by the increased cardiac activity. 

Author. 

Alherti, V. A., Segura, R. G., and Lanari, A.: Mechanisms of Respiratory Varia- 
- tions of Arterial Pressure on the Pulmonary Circulation. Medicina, Buenos 
, Aires ,4: 412, 1944. 

The changes in pulmonary and systemic pressure induced by ordinary breathing 
and artificial breathing are studied without opening the thorax, Avithout opening 
the thorax but AArith an exposed heart, and Avith thorax ojjened. The Hamilton’s 
hypodermic manometer was used for pressure readings. 

With ordinary breathing, pressure falls during inspiration in both the systemic 
and pulmonary circuits although somewhat delayed (tAvo or three beats) in the 
former as conijAared A\uth the latter. , ' . 

The importance of the diminution of the intrathoracic pressure during inspira- 
tion is stressed, as a result of AA’liich there is an increase in the capacity of the 
pulmonary bed Avith a diminished fioAV to the left ventricle and a subsequent fall in 
the systemic pressure. • • . 
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jAc:~-oa, E. EliLsteiK, A. J., Blau, A., and Kelly, H. G.: xVnglc of Clearance of 
the Left %^'^lricle as an Index to Cardiac Size, Modified Technic for Its Do- 
terar-.nauciu and Eango of Values for Normal Children. Am. .1. l)i>. Child. G8: 
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Ker log jiurtaal eliildrea e\aaiiued todeteimiae the normal valui’S, the value.-! for 
the hf.'i angle of eleaniitee raugt-d from tN to t'>7 degrt'e.s and foi the .'eeonii ungle, 
from ifv to ■'O! di-gre-. The aa-aii ".alue for the lir.-t angle of eh'aranee wtus 31.,'' 
•bgfei.', un-l for the .--eeoad angle of eleatanee, degrei-.-,. 'I'hi* .--landunl devia- 
ima-> vvete 3.' ;ind T.i degree-, re-peeiively. t’hihireu with vertieully phieed liearts 
-ihtt.vci el, .irar.i'e !it a -iiiailer angle than eliihlren with t itiimveisidy plaeed hetirl.'-. 
Tl, re ure Uo .'Jgail), atit dilfett a,-,-- in the angle of e!e!ir;iiii-e of tiie left veiilriele in 
fthUoui to age or e-v, .’stiehy eliildi,-n teml to have greater limn avetitge angh'.s of 
I'b .r.sr., 

It (■> the be'.ief oj ;l!,> t5iji!i,,r- ibrn ibjoro.-eopie e.'ianiination to determine the singles 
• if '.ij),’,. •<{ tie J,.f) i-, vuhttible sis :> Mip[)!i'meni:iry mesin- of stnd,ving 

the h< ift )f !. e e'., (aeon! Ion esiti i-e repetitvd ainl tin- ri-.-ulls of .sub-'etiniuit e.xam- 
'Hi Im* , «>ej -.fe). Atiy -igruiii'ant ehsuigi' from the origiiml valu>.*.-i eonhl 
11 t-!t 1-- n-itt-rj-J.-t. .i }- ;t 1 U.U.-ge !ti the ,-i/e of the heait. 

A bTJU)ii.s. 


GUb'aijy, W J.; Carduc Tatnpoa.ade. Eeport of Stab Wound in the Eight Veu- 

t-tcle, .Mi:. X'ltg, .a. 05; g't. tOii. 

A r.,„- d- of ti:. ngJtj v.-atro-le wiili p.-netrsitimj of the left pleural 

- sit ii,-taii. \;j eitei(-i\,. tiua'ide-jntl approaeh was n,-eil and is 

■ - .5,,,! t-- ,!‘i 1 - irp..-e ii.-.i-i'ia, Hj perveni datioit wa- u-ed to pn-vi-at pul 

.. , ita.!;,. 1;,,. }-. wa-, left o|s-n in roiunniiiifutiiiii with, the 

t... t:*,,-;.,!. •„ dtjuii into tin- pleural esivity. Kh'etne 

Jo! tf.; ji -.wo-i, p. ■>!'.,!« j it,. , ly ; (){dv ;,() (jner-imi of the 'J‘ stftve 

.. ie .} iV. 

At;TiioS!. 

E-'- d*. a and L. B.; Btlect ut Dieutnarol Upon El.uuna r.hrinosen, 

-V S';._V ... 4 . J|,{^ 

V ’'U'--:-*! with varvmg aamuat, of 

... * \ 0 -f d,-,-,r.-irm i.-., ...m nbnm.g.'n ;i,> 


it. ii tho-e iibraii.id 


A! 





ABSTRACTS AND REVIEWS 


551 


Lendrum, B., Kondo, B., and Katz, L. N.: The Bole of Thebesian Drainage in the 

Dynamics of Coronary Flow. Am. J. Physiol. 143: 243, 1945. 

The coroiiarv ' arteries were perfused in dogs’ liearts obtained immediately 
after the animals were sacrificed, and the drainage into the coronary sinus, right 
auricle, right ventricle, left auricle, and left ventiicle were measured. Special um- 
brella-like partitions were used to seal the A-Y opemngs. 

The averages and standard deviation of the percentage flows obtained were: 
coronary sinus, 36.4 per cent + 11.8 per cent; the right auricle, £4.5 per cent + 6.5 
per cent; the right ventricle, SO.S per cent + 5.4 per cent; the left auricle, 1.4 per 
cent -f 1.7 per cent; the left ventricle, 7.0 per cent -f 3.3 per cent. 

Details of technique and errors of method were discussed. 

The flow into the right ventricle via the Thebesian channels was shown to be of 
significant magnitude. Authors. 


Opdyke, D. F.: The Survival of Dogs Treated With Neosynephiin During the 
Production of Hemorrhagic Shock. Am. J. Physiol. 142: 576, 1944. 


Twelve dogs were subjected to hemorrhagic shock by controUed bleeding. Neo- 
synephrin was infused during the severely hypotensive period ( 0 nun.) a ^ 
which maintained the level of blood pressure betw'een 50 and 7o i^limeters. A ^ 
end of the infusion period (thirty-four to forty-five mmutes) the dogs 
fused with their own blood, and the subsequent course of events observed. Eight of 
the dogs died in shock and one recovered from this treatment, while three dogs i 
of cardiac failure during the infusion of neosjmephrin The average survival toe 
of the dogs dying in shock was 13.4 hours as compared mtli o.3 hours in a control 

series. 

It is concluded that any increase in peripheral damage due to an augmented vaso- 
. constriction is compensated for by an increased flow of blood through the vital centers 
resulting in an increased survival time, but no permanent improvement However 
the use of pressor drugs during severe hypotension seems to be contraindicated 
because of the direct or indirect damage to the myocardium which may result from 
their use. The beneficial result of use of pressor drugs m the treatment of shock 
is questionable from a therapeutic standpoint. 


Atvpttor. 


HensteU, H. H., and Gunther, L.: Studies of Plasma Volume in the Human Be- 
ing; Comparative Results of Reduction of Plasma Volume, Intramuscular Pres- 
su?; and venous Pressure in Surgical Shock. Am. J. AT. Sc. 209: 187, 1945. 

Peripheral circulatory failure in surgical shock may be evident wflth a normal and 
unchanged plasma volume. A decrease in plasma volume up to o90 c.c. is not neces- 
sarily loUowed by peripheral circulatory failure. Change in the clinical condition 
of , the patient, for the worse or for the better and the presence or absence of 
peripheral circ^atory failure, coincide more closely with declme of or the heighten- 
ing of, intramuscular pressure, than with changes in the plasma volume Peripheral 

1 witTi a normal or with a decreased plasma vol- 

circulatory failure may be manifest ivitn a normal .. .. , 

, ^ :TitraTini«cular pressure, which remams in the normal 

ume, but not with an unchanged intramusouiai R ^ ■ t. 

m, • 1 4 . roUnrp is always associated with a lowered level of mtra- 

range. The circulatory failuie is aiaayo 

muscular pressure. . , , , . , 

An inadequate peripheral circulation, despite a plasma volume decrease of at 

leatt 416 c^ can L compensated and returned to adequacy ivith the restoration of 
■ ocenro to a higher level by the use oi nikethanude. Changing 

a W mtramusedar an important factor irt the a.vttamica of the 

mcrcments of m ramu i^eties of the peripheral circulation as related to intra- 

pertpheral mechaiSsm) and other forces that may cousti- 

muscular pressure (the venopres- 
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Thomas, W. C., and Harrison, T. R.: The Effect of Quinidine on the Mortality of 

Rats With Experimental Myocardial Injury. Am. J. M. Sc. 208: 756, 1944'. 

The results obtained . from ninety-nine volunteer, hospitalized subjects indicate 
that the incidence of unfavorable reactions, with the possible exception of vomiting, 
is not increased by the concomitant administration of sulfathiazole and quinine 
OK atabrine. The highe.st doses studied were : 6 Gm. of sulfathiazole daily for 

seven days; 2 Gm. of quinine bisulfate for the same period;, and 0.3 Gm. of atabrine 
daily for five days. 

The combination of drugs produced no detectable changes in. the amount of hemo- 
globin or the total white blood count. 

Quinine and , atabrine produced only minor changes in the free and total sulfa- 
fhiazole in the blood and in the urine. 

Authors. 

Bliss, C. I., and Allmark, M. G.: Digitalis Cat Assay in Relation to Rate of In- 
jection., J. Pharmacol. & Experi Thorap. 81: 37S, 1944. 

In the assay for digitalis the IT. S. P. XII calls for adjusting the concentration of 
the injection fluid , so that it will contain the estimated fatal dose per kilogram in 
lo cubic centimeters., This is injected at the rate of 1 c.c. per kilogram every five 
minutes, and the average number of irrjections in an acceptable group of cats must 
not e.xceed limits. of thirteen to nineteen for an official as.say. To test the importance 
of this restriction, four groups, each of twelve cats, have been injected with dilutions 
containing 64, 80, 100, and 125. per cent, respectively, of the estimated fatal dose, 
in each ease at t!ie rate of 1 o.c. per kilogram. The experuuent has been made with 
three- different preparations of digitalis, requiring a total of one hundred forty- 
four cats. 

In three experiments the lethal dose increased with the concentration of digitalis 
in the injection fluid which, in turn, controlled the" rate of injection. The increase 
was statistically significant in two of the three cases. The relation between log-dose 
and log-concentration was linear and has been fitted by a straight line with an 
average slope of b = 0.20 = 0.05. In other words, a twofold increase in the con- 
centration of tincture in the injection fluid increased the lethal dose in terms of the 
ongmal tincture by approximately 15. per cent, apart from any other change in proce- 
dure. If the groups of cats comprising an a.ssay were to require thirteen and 
nineteen injections, respectively, the gi’eatest allowable diffei-euce, the percentage 
potency of the sample could be biased by 8 per cent through tliis factor alone. Since 
the relation between log-concentration and log-dose in these experiments is. linear, 
the required concentration of the dilute solution could be decreased to the present 
minimum and yet not eliminate this factor. The potential bias could be reduced, 
however, by restricting the allowable difference in the average number of injec- 
tions between the two groups of a single assay. 

An alternative procedure for the cat assay has been examined with the present 
data, based upon the linear relation between log-concentration of the injection 
fluid and the log-minutes’ survival time. In design and analysis it is equivalent 
to an assay based upon a graded response. The methods of statistical analysis 
suitable for self-contained assays have been extended, so that past experience can be 
used as it accumulates. When the present experiments were computed as test assays 
fly tlxis procedure, the estimated potencies agreed very w'ell with the true value. The 
uiain advantage of the new' technique is that it does not require as accurate a fore- 
cast of the potency of an unknown preparation as the official assay; its main dis- 
advantage is that it would not reduce the number of cats needed to obtain a given 
precision. It should be of value, however, in the preliniinaiy experiments which 
usually precede an official assay. 


Authors. 
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58.5 inches tall. There was no abnormal pigmentation of the skin or 
mucous membranes. The pupils Avere irregular, unequal, slightly di- 
lated, and reacted sluggishly to light. The upper central incisors Avere 
typical Hutchinson’s teeth. The tonsils Avere not obviously diseased. 
The thyroid gland Avas not enlarged. The thoracic contour and the lungs 
were normal. The apex beat Avas Avithin normal limits. No thrills or 
abnormal pulsations AA^ere present. The heart rate (seated) Avas 180 
])er minute, and the beating Avas regular. The heart sounds Avere normal 
at the apex, but the pulmonic second sound Avas split. No murmurs AA^erc 
audible. The blood pressure Avas 80/60. No abdominal organs or masses 
Avere palpable. The knee jerks AAmre hyperactive. 

Labvratoru Bata. — There AA'ere no abnormalities in the blood cell 
coujit or in the urinalysis. The blood sugar level Avas 80 mg. per 100 c.c., 
and the blood urea aa^s 14 mg. per 100 cubic centimeters. The blood 
Wassermann reaction Avas stronglv positive (4 plus). Examination of 
the spinal fluid gaAm the folloAving results: Wassermann reaction, anti- 
complementary; globulin, positive; cell count, 7; colloidal gold curve, 
5555320000. On three occasions the basal metabolic rate Avas -25 per 
cent, -26 per cent, and - 13 per cent, respectively. The IMantoux tuber- 
culin reaction AA’^as negative Avith 0.1 c.c. of 1 ;100 O.T. The Autal 
capacity Avas normal (2.900 c.c.). A teleroentgenogram shoAved a hypo- 
plastic type of heart. Roentgenograms of the knee joints shoAved noth- 
ing abnormal. 

Additional Cardiovascular Studie.s. — Over a period of observation of 
six years the patient had a tachycardia Avhich Avas inA'ariably present 
Avhen she Avas in the sitting and standing postures and frequently in the 
supine position. Of particular interest Avas the fact that the rate of the 
tachycardia varied Avith change in posture. For example, the pulse rate 
AA'as usually about 120 per minute in the recumbent position, 150 in the 
sitting, and ISO in the standing. The range in pulse rate in the recum- 
bent position AV'as 80 to 140, in the sitting, from 108 to 180, and, in the 
standing, from 136 to 200 per minute. The difference betAveen the re- 
cumbent and standing rates AAms never less than 40 beats per minute, 
and the rate in the sitting position Avas usually about the mean of the 
other tAAm. 


Tlie heartloeat Avas ahvays regular Avhen she Avas in the erect posture. 
Rarely, dropped beats Avere noted AAdien she Avas in the sitting position, 
ihe heartbeat AA'as most often iiTegular during recumbency. Elevation 
ot tlie foot of the bed accentuated the irregularity and retarded the 
pulse rate. 


The change in pulse rate when the patient passed from the horizontal 
.i- ' Aertieal position AA'as instantaneous. When she changed from the 
Acitical to trie horizontal, lioAA'CA'er, the alteration in rate Avas .sometimes 
a irupt and sometimes gradual. The pulse rate Avas accelerated by ex- 
eicise onlj on the rare occasions Avhen the rate in the erect posture Avas 
beloAv loO per minute. The application of oculobulbar or carotid .sinus 
pressure did not retard the pulse rate or restore normal rhvthm. There 
AAas no response to the Valsalva experiment. 

It AAas possible, by administering digitalis or quinidine, to maintain 
^ n normal level, i.e., about 90 per minute in the supine, 


n;, • • t " »<ia hul significantly aiiereu u.y 

lira tnfi'' ^ qnmidine. Tlie application of a tight abdominal binder did 
not influence the blood pres.sure or pulse rate. 

Counve —-Due to the fact that the abnormalities of the 
spinal fluid persisted despite intensive antisyphilitic therapv, the pa- 
t ent AAas reterred to the Oreystoiie Park State Hospital for malarial 

diagnosis Avas syphilitic meningoen- 
ttphaliti.s, AAithout psychosis. The patient Avas digitalized before and 
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CHRONIC AURICULAR TACHYCARDIA WITH UNUSUAL 
RESPONSE TO CHANGE IN POSTURE 

Report of Two Cases 

R-alph Miller, M.D., and Julius S. Perelman, M.D. 

Newark, N. J. 

F ine and in 1940, presented a bizarre case in which, over a 

period of several years, so-called “paroxysmal” auricular tachy- 
cardia was invariably present as long as the patient sat or stood erect, 
and more often than not also persisted during recumbency. The rate of 
the tachycardia varied markedly on change of position. Shortly after 
this report was submitted, a second case, which was strikingly similar 
in most respects to the previous one, came to our attention at the Newark 
Health Department. The coincidence of observing concurrently these 
two cases of a chronic form of auricular tachycardia with unusual re- 
sponse to change of posture leads us to believe that this condition may 
not he unique, but, that similar eases may have escaped recognition. 

In the present communication we shall review both cases in detail, 
and attempt to delineate the symptom complex which distinguishes 
them. 

CASE reports 

Case — 0. H., a 16-year-old white schoolgirl, was referred to the 
Cardiac Clinic in October, 1937, because of tachycardia. Since 1931 
she had experienced recurrent attacks of pain and swelling of the joints 
of unlmown cause. The knee, elbow, and -wrist joints -were involved 
symmetrically. In July, 1935, she was found to have prenatal syphilis, 
and appropriate therapy was instituted. The chief complaint was ab- 
normal fatigability. There wmre but slight dyspnea and palpitation 
on unusual exertion or excitement. For several years she had noticed 
^Talmess, dizziness, and, occasionally, syncope upon standing erect. 
These symptoms were particularly annojdng when she arose from bed 
after a sleep. She practically never perspired, and was greatly dis- 
tressed by hot weather. The menses were scant and irregular, and were 
accompanied by moderately severe dysmenorrhea. 

Her father was suffering from syphilis and pernicious anemia. Her 
laother and sister also had svphilis. A bi'other died of acute appendi- 
citis. , 

-Physical Examination. — The patient was a fairly well-developed 
adolesc ent girl of average intelligence. She weighed 104 pounds and was 

from the Cardiac Clinic of the Newark Health Department, Newark, N, J. 
Received for publication July 10, 1944. 

herein reported previously.' The history and physical signs are 

=‘vin reprinted almost verbatim. 
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diirin" treatment. Malarial therapy was started on June 30 by inocula- 
tion with tertian malaria. She experienced e^ght chills. The pulse rate 
during the height of the fever varied from 78 to 146 per minute, and 
the pulse was of good qualitjL During her eighth chill the patient 
ffot out of bed suddenly, became weak and cyanotic, and fell unconscious. 
She died shortly afterwards, on July 19, 1943. Necropsy was not done. 


Fig. 1. — Case 1. Electrocardiograms taken Aug. 28. 1942. with patient m erect 
posiuro. Auricular tachycardia: rate 166 per minute. Pi inverted. P 2 and Ps upright. 
P-R interval about 0.16 second. Electrical alternation of Ri. Si, Q 2 . Rs. and Qa. 




Fig. 2:—Sitting position, taken immediately after Fig. 1. Rate slower, about 139 per 
minute. P-R interval longer, about 0.20 second. 

Analysis of Electrocardiograms . — ^Electrocardiograms which were 
hikeii on eleven occasions invariably showed ortliostatie auricular tachy- 
cardia which ehang-ed rate on change of position. In the supine position 
there was either normal sinus rhvthm, or, more frequently, auricular 
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casion did digitalis therapy temporarily abolish the tachycardia There 
was 110 response to quinidine or potassium salts. A tight abdominal 
liiiider had no influence on the pulse rate. The pulse rate was not in- 
fluenced bv exercise, respiration, or oeulobulbar pressure. The tachy- 
cardia persi.sted during sleep. There was no appreciable or consistent 
response to carotid sinus pressure. On one occasion carotid sinus pres- 
sure was followed by a break in the tachycardia and two normal sinus 
beats before the paroxysm was resumed. On another occasion 2 :1 A-V 
block was produced. Both of these effects may have been fortuitous. 
The blood pres.sure was normal and showed the noi'mal range of pos- 
tural variations. 

Subsequent Course. — The patient moved to Florida at the end of 
1943, and, unfortunately, we have been unable to follow her any further. 
During the period of observation her general health remained excellent, 
and slfe showed no symptoms or signs except her persistent tachycardia. 





Fi;?. 7. — Immediately after Fig. 6, patient sitting". Rate of ectopic rhythm less, 
l.')8 per minute. One sinus nodal beat in Lead I, two in Lead II, and one in Lead 
III. P-R inteiwal of normal sinus beats, 0.18 second. P-R interval of arst ectopic 
beats, 0.2;i .second. Xote gradual speeding up of rate of ectopic rhythm in Lead 11. 

Analysis of Electrocardioyrums. — Electrocardiograms were obtained 
on thirteen occasions, in ten of \vhich the influence of posture was in- 
vestigated (Table I). There was invariably an auricular tachycardia 
which changed in rate with change of po.sture (Figs. 6, 7, and 8). The 
rate in the standing position ranged from 150 to 166 per minute-, in the 
sitting position, from 125 to 158 per minute; and in the supine position, 
iroin 113 to 150 per minute. The maximum change in rate accompany- 
ing change from the vertical to the horizontal was 46 beats per minute, 
the minimum, S beats xmr minute. The change in rate was abrupt. 
Since in most instances the auricular complexes were superimposed upon 
the preceding ventricular deflections, the above rates arc an approxima- 
tion onh-. Accurate measurement of the auricular rate was also rend- 
ered impossible by the fact that the ventricular rate was inconstant 
because of varying A-V conduction. However, it was believed to be a 
fair assumption that, since the auricular rhythm was quite regular, the 
shortest K-Il interval would closely approximate the true P-P interval, 
and the auricular rate was estimated accordingly. 
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tachycardia. During- the tachycardia in the latter position when the rate 
Avas comparatively rapid, incomplete A-V block ivith the Wenckebach 
phenomenon Avas often noted. The electrocardiograms in Pigs. 1, 2, 
and 3 are presented for more detailed analysis ; they were taken Aug. 28, 
1942, in the standing, sitting, and supine positions. 

In the standing position (Fig. 1) paroxysmal tachycardia was pres- 
ent at a fairly constant rate of 166 per minute. The P wave Avas in- 
verted in Lead I and upright in Leads II and III. The ectopic focus, 
therefore, Avas thought to be located in the left auricle.- Electrical 
alternation of the QES complexes Avms noted in all leads. The P-R in- 
terval could not be measured accurately because the first portion of the 
auricular deflection Avas superimposed upon the preceding T Avave. It 
Avas estimated, at approximately 0.16 second. 

In the sitting position (Fig. 2, taken immediately after Pig. 1) the 
auricular tachycardia persisted, but at a sloAver rate, i.e., about 139 
per minute. The P Avaves differed very slightly in contour from those 
ill the vertical position. This variation A\ms ascribed to change in the 
electrical axis of the auricles Avith change in position, rather than to a 
shift of the ectopic focus. The P-R intei-Aml aa^s longer than that in 
the preceding position. It Avas estimated at about 0.20 second. 



Fig. 4.— Oct 13, 193D. Le.ad II. Upper tracing, patient standing. Auricular tachy- 
cardia. rate 176 per minute. Lower tracing, immediately afterwards, patient lying 
down. Auricular rate 170 per minute, incomplete A-Y block with AVenckebach 
periods. 

The electrocardiograms in the supine position (Fig. 3, recorded im- 
mediately after the preceding figure) Avere of special interest. In Lead 
I the first tAvo beats Avere in response to the normal sinus pacemaker. 
The P Avave Avas upright and of normal configuration, and the P-R in- 
terval AAms 0.16 second. The R-R cycle Avas 1.21 seconds in duration, 
corresponding to a heart rate of 50 per minute. After the second beat 
there Avas a shift to a secondary pacemaker loAver doAvn in the sinus 
node. The P Avave Avhich originated in this focus Avas loAver in voltage, 
shorter in duration, and more sharply peaked than the normal. There 
^vas no cliange in the P-R interval. The rate AAms faster, about 74 per 
minute, and there Avas slight sinus arrhythmia. The Avandering of the 
pacemaker in this instance must be ascribed to an enhanced irritability 
of the loAA'er nomotopic center, rather than to a vagal effect, Avhich is 
characterized by a decrease in the heart rate as the pacemaker descends 
toward the A-V node. There ensued a series of thirty-one beats from 
this- focus, tAventy of Avliieh have been deleted betAveen strips A and B 
^ood I. The second auricular complex in strip R Avas probably a 
Vausitional beat. The third auricular complex Avas inverted, and there- 
lore ectopic in origin. It inaugurated a short run of paroxysmal tachy- 
cardia, at a rate of 107 per minute. The last auricular impulse of this 
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were of lower voltage than the normal P waves, whereas, in Leads II 
•md III they were taller and broader. Ther’- were followed by a well- 
marked ’auricular T wave, which caused a distinct sagging of the an- 
riciilar S-T segment. Tlie P-R interval eorresponding to these abnormal 
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coinj)loxcs was prolonged, and exceeded 0.20 second. This delay in the P-R 
interval was interpreted as indicating that an abnormal pathway had 
ticen taken by (he wave of excitation in passing from the ectopic focus 
lo the A-\ node, ratlier than prolonged A-V conduction, because, even 
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The series of eleetroeardiogTams shown in Figs. 6, 7, and 8 were es- 
peeiallv selected from long strips to demonstrate the termination and 
onset of the tachycardia in the standing, sitting, and supine positions. 
Ill the illustrations several normal sinus beats are seen. The P-R in- 
terval corresponding to them was within normal limits, but varied with 
change of posture. There were very few normal auricular complexes 
throughout all of the electrocardiograms which were taken. In fact, 
only eighteen individual complexes of this nature were discovered out of 
a total of 2,312 auricular beats. On no occasion were more than two 
normal beats present in sequence. Two normal beats were found in the 
standing position, nine in the sitting, and seven in the supine. The runs 
of abnormal auricular beats ended in a postparoxysmal pause, and the 
first ectopic beat was premature. The aberrant P waves which gave rise 
to the tachycardia showed the following characteristics. In Lead I they 





Eig. 8. — ^Immediately after Fig. 7. Patient supine. Further decrease in rate of 
auricular tachycardia, 130 per minute. Two normal sinus beats in Lead III, with 
P-R. interval of 0.20 second. P-R interval of first ectopic beat, 0.24 second. (Note 
P-R interval' of both normal and ectopic beats longer in recumbency than in sitting 
or standing positions.) Incomplete A-V block, with Wenckebach phenomenon during 
tachycardia. 
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cases satisfied tlie following criteria for the diagnosis of paroxysmal 
auricular tachycardia: (1) The onset and termination of the tachy- 
cardia were abrupt. (2) It ended with a postparoxysmal pause. (3) 
The first auricular heat was prematiu-e. (4) The P waves were anom- 
alous. (5) The rhythm in a given posture was fairly constant. (6) 
With certain exceptions, the arrhythmia did not exhibit the sinus re- 
actions. 

The po.ssibility of a nomotopic rhythm may be excluded by the form 
of the auricular complexes. In Case 1 the P wave was inverted in Lead 

I and upright in Leads II and III, which suggested a locus in the left 
auricle.- In Case 2 the ectopic waves were higher than normal in Leads 

II and III, and consequently probably arose in the cranial portion of 
tl\e right auricle. The absence of a consistent response to the sinus 
reactions in both cases and the response to digitalis and quinidiiie ther- 
apy in Case 1 also point to an ectopic origin of the tachycardia. 

The tachycardia differed from typical paroxysmal auricular tachy- 
cardia in two important respects. First, since it occurred invariably 
as an orthostatic phenomenon and most of the time in tlie recumbent 
position as well, it was, in effect, the dominant and usual rhythm of 
these two hearts, or, in other words, it was a chronic arrhythmia. In 
this connection we may make mention of the fact tliat paivxysmiil 
auricular tachycardia in many ways seems to be related closely to au- 
ricular flutter and fibrillation, and is possibly due to the same mech- 
aui.sm. Botli of the latter may occur in either a paroxysmal or chronic 
form. Second, it did show some response to the sinus reactions. The 
into of the taeliycardia varied markedly with change in posture. Rarely, 
in Case 1, it showed some response to exercise. Carotid sinus stimula- 
tion, however, was without effect upon the auricular arrhytlimia. 

Little of fundamental importance has been added to our knowledge 
of the mechanism of paroxysmal auricular tachycardia since Lewis® 
reviewed the subject in 1925. Two main theories have been advanced 
in explanation of this arrhythmia, namely, (1) the theory of re-entry, 
of which circus movement is a variant, and (2) the theory of parasystole. 

The theory of re-entry must be considered untenable unless the main 
objection, the presence of an isoelectric interval, be disposed of, as 
emphasized by Lewis.® Ashman and Hull,' and, more recently. Barker, 
ct al.,^' ® attempted to dispose of this objection by suggesting either that 
the circus movement might involve in part of its pathway one of the 
auricular nodes, or that some part of the pathway might be so small 
tliat its action potential would not register in the electrocardiogram. We 
have been unable to reconcile the observations in our cases with this con- 
cept tor the following reasons: (1) In our Ca.se 1, as well as in several 
other reported cases of auricular tachycardia, the P wave was inverted 
in Lead I and U])right in Leads II and III, pre.sumably indicating that 
the impul.se originated in the left ani-ide. ff the circus pathway in- 
%ol\ed one oi tlie nodes, the inscription of the auricular complex would 
begin at the moment the impulse made its exit from the node, and it is 
not conceivable that the foregoing P-wave pattern could result. As 
a po.ssib}e rebuttal to this point, Ashman and IIulF called attention to 
an intero.'jting ob.servation by Glom.sct and fllomset,® namely, that tissue 
nnaiincment similar to tliat loiiiid in the region of the .sinoaiiriciilar 
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Svlien two ventricular beats dropped out (Fig. 9, A), the P-E interval 
of the first succeeding conducted beat was still lengthened. If the P-R 
delay were due to relative ref raetivity of the junctional tissues, recov- 
ery should have been expected after the rest period during .tlie dropped 
beats. These abnormal auricular complexes were believed to be of 
ectopic origm for the following reasons: (1) distinctly aberrant ap- 
pearance, (2) higher voltage than the normal sinus beats in Leads II 
and III, and (3) increased P-R interval. If these beats were of sinus 
nodal origin, with the pacemaker shifting to the lower portions of the 
node, the P waves should have been lower in voltage in Leads II and III, 
and the P-R interval, if altered, should have been shorter. It may be 
concluded, then, that the tachycardia was heterotopic in origin, and 
that its center was situated in the cranial portion of the right auricle. 
The ventricular complexes during the tachycardia were identical with 
those of the normal beats. Occasionally short periods of alternation of 
the QRS complexes were noted (Fig. 6). 

Frequently, dropped beats, with or without 'Wenckebach periods, were 
present. At times only occasional beats dropped out, but at other times 
there was 3:2 or 2:1 block (Fig. 9, B and C). Incomplete A-V block 
was encountered onlj'- once in the standing position,- four times in the 
sitting, and five times in the supine position. This phenomenon, m con- 
trast to the .prolongation of the P-R interval, is a definite indication of 
disturbed A-V conduction, functional in nature. It is probably the 
result of a combination of two factors, namely, fatigue, due to rapidit}'- 
of the rate, and increased vagal tone, which accounts for its greater 
frequency, during recumbency. On several occasions electrocardio- 
grams were taken with the head of the table depressed at an angle of 
30 degrees. This caused the auricular rate to be retarded below that in 
the supine position and increased the tendency to dropped beats. 

Gommenf on Case 2 . — This case was strikingly similar in most respects 
to the first one. In fact, the presence of a tachycardia w^hieh changed 
in rate upon change of position, without responding to the other sinus 
reactions, and with dropped beats in the supine position, led us to sus- 
pect its true nature clinically before securing electrocardiographic con- 
firmation. Apparently this patient experienced no disability as a result 
of her tachycardia. 


DISCUSSION 

The arrhythmia which was present in these two cases was charac- 
terized by the following features: (1) ehronicity. The tachycardia 
was invariably present when the patient was in the standing or sit- 
ting positions, and most often in the supine position, as well. (2) The 
arrhythmia originated in an ectopic auricular focus, in one instance in 
the left auricle, and, in the other, in the cranial portion of the right 
auricle. The tachycardia varied remarkably with change in posture. 

. .(4) The arrhythmia could not be terminated by carotid sinus stimula- 
tion. (5) Digitalis and quinidine therapy restored normal rhythm in 
, Ca.se 1. In Case 2 digitalis restored normal rhythm on only one oc- 
casion and quinidine was without effect. (6) Incomplete A-V block oc- 
eiUTed in both cases, most commonly in the supine position. (7) Elec- 
trical alternation was observed in both eases. 

These tw'o cases are so bizarre that doubt must arise as to whether 
they actually fall into the category of paroxysmal auricular tachycardia. 
Case 1 has been cited tAvice since its iniblieation, by Barker, et al.,'* and 
.Lecherd, et al.° Both of these groups accepted it as an examj)le of 
Parox3’smal auricular tacln-eardia Avith incomplete A-V block. These 
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gressively as the patient changed position from the standing to the sit- 
ting, and from the sitting to the supine. 

Electrical alternation was noted in both cases when the rate was ex- 
cessively rapid. 

The fact that we have had the experience of observing concurrently 
two bizarre eases of such strildng similarity may have been a mere co- 
incidence. However, it is quite possible that other eases of this nature 
may be oveidooked and clinically maj’’ be mistaken for simple sinus 
tachycardia. If the electrocardiogram is recorded in one position only, 
and, as is common practice, in the recumbent position, normal sums 
rhythm might be present, or, if the tachycardia should be in progress, 
the ectopic P waves may appear to be normal unless they happen to be 
markedly aberrant. If it were routine to take electrocardiograms in 
the three positions, standing, sitting and supine, in all atypical tachy- 
cardias, we believe more eases of this nature would be brought to light. 

SUMMARY AND CONCLUSIONS 

1. Two unusual eases of auricular tachycardia are presented. They 
fulfilled the electrocardiographic criteria for the diagnosis of paroxysmal 
auricular tachycardia, but differed from the classical type in two im- 
portant respects, namely, the arrhythmia was chronic and it varied 
with change in posture. 

2. The tachycardia was invariably present in the standing and sitting 
positions, and was present more frequently than normal sinus rhythm 
in the recumbent posture. 

3. The rate of the tachycardia varied markedly on change of position. 
It was most rapid in the vertical, and slowest in the recumbent, posi- 
tion. One patient showed an occasional response to exercise, and also, 
in this ease, the tachycardia could be abolished by digitalis or quinidine 
therapy. 

4. In neither ease was there any consistent response to carotid sinus 
stimulation. 

0 . In both eases there were clinostatic incomplete A-V block and ortho- 
static electrical alternation. 

6. This symptom complex should be suspected clinically whenever 
there is a persistent orthostatic tachycardia which changes rate mark- 
edly on change of position, which does not respond to the other sinus 
reactions, and wliich is characterized by sudden breaks in rhythm. 
Electrocardiographic studies in the various postures should be carried 
out in these eases. 
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node occurs in the left auricle around the mouths of the pulmonary 
veins, and suggested that possibly a circus movement could be set. up 
dn this region. ( 2 ) The rate of the tael^'cardia in the supine position 
was comparatively slow. On one occasion it was approximately 100 
■per minute (Fig. 5 ), with a corresponding P-P interval of 0.60 second. 
: Since, the auricular complex was 0.08 second in cluration, the auricular 
isoelectric interval measured 0.52 second. It is hardly possible that 
the impulse would be delayed to such an extent in traversing the nodal 
tissues. ( 3 ) The change in rate on change of posture was too extreme 
to be explamed reasonably on the ground of alteration of eonductivit3’ 
through the nodes or circus pathwa3L ( 4 ) An interesting phenomenon 
has been pointed out in Fig. 3 . There was a break in the auricular 
tach3Tardia, and, after the postparox3"smal pause, the ectopic pace- 
maker resumed command of the heart. The first beat of the latter se- 
quence could not be due to re-entiy of the previous beat, but must be ac- 
cepted as an impulse of spontaneous origin. This is an irrefutable argu- 
ment against the possibilit3^ of re-entiw in this particular case. 

, AVe believe that the theory of paras3"stole 1003'- be more applicable 
to our eases. The onl3" convincing evidence for paras3’stole obtains in 
those rare instances in which the interval between ectopic beats is an 
exact, or nearty exact, multiple of a least common denominator, and 
Avhen the ectopic beats appear at intervals which bear no fixed relation- 
ship to the nonnal sinus rhythm. These rigid criteria were not met in 
our cases. If, howeyer, it be assumed that the rate of a parasystolic 
center might vaiy markedly in response to extracardiac influences, prac- 
tically all cases of premature beats or paroxysmal tachycardia could be 
explained; although the proof of existence of parasystole would, in the 
process of accepting such an assumption, become all the more elusive. 

The explanation of the arrhythmia in our cases, then, may be some- 
what as follows: A paras3'stolic auricular focus was in continuous ac- 
th^t)^ There was a low degree of exit block, and, therefore, the para- 
sj^stolie rh3Thm was the dominant one most of the time, and invariably 
in the upright position. It must be further assumed that the ectopic 
focus was under partial control of the extrinsic cardiac nerves, and re- 
sponded in some degree to variations in vagal tone. The onset of the 
taeh3'eardia in the upright position was thought to be clue to a diminu- 
tion in the tone of the vagus. Slowing of the rate in the sitting position 
was assumed to be due to reflexes from the lower extremities. Further 
retardation of the pulse or termination of the tach3mardia m the re- 
cumbent or head-down position would coincide with additional vagal 
stimulation, either directly or reflexly through the carotid sinus by the 
: sudden rush of blood to the head.’® 

The occurrence of incomplete A-V block in the two cases is of par- 
hcular. interest. In the first ease it was found almost exclusively in the 
horizontal position, and, in the second, most frecpiently in this position. 
Clinostatic ArV block has been reported rareA’", and has been explained 
^s a: postural vagal effect.^’ Block occurred in the first case in the 
recumbent position 01113^ when the rate was relativeA^ rapid. Therc- 
: tore, the block resulted from a combination of two factors: fatigue due 
,,lo rapid rate, and enlianced vagal tonicity. In Case 2 the P-R mterval 
. ot .both the normal sinus beats and the ectopic beats increased pro- 
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that he had had “left bundle branch block” in his electrocardiogram on several examinations 
since 1940. The current tracings appeared identical to previous electrocaidiograins. 

On examination, his blood pressure was 13S/S1. The peripheral arteries were normal. 
The fundi showed no evidence of retinal vascular disease. The heart size was normal. The 
heart rhythm was legular, and no murmurs w'ero heard. An exercise tolerance test was norm.al. 
The sedimentation rate w'as 5 mm. (Westergren method). The blood and urine were normal. 
The blood nonprotein nitrogen was 31 mg., and the sugar, 99 mg., per cent. The blood 
Jvahn reaction was negative. The heart size wars normal on roentgenologic examination. An 
electrocardiogram (Fig. 1) showed the short P-E interval, of 0.10 to 0.12 second, and long 
QES interval, of 0.16 second, which are -characteristic of this condition. Atropine and exercise 
had no significant effect upon this electrocardiogram. Because the patient was a young 
physician, with infrequent attacks of paroxysmal tachycardia wdrich were promptly con- 
trolled by carotid sinus stimulation, he was accepted for limited dutj^ in the Arnry, con- 
fined to the continental United States. 



Fig. 1. — Case 1. Description iir text. Fig. 2. — Case 2. Description in te.xt. 

C.WSE 2. — This patient was a 30-year-old white man, also a x>hysician. There was a 
.■strongly positive history of vascular disease in Iris family. His father has angina pectoris 
and his mother has hj-pertension. The only sigjrificant previous illness was cystitis, in 1931, 
after a lower urinary tract operation for hypospadias. lie had had slight elevatiorr of his 
blood pressure on several examinations during the preceding seven years. The highest read- 
ing, TO his knowledge, was 170/110. lie stated that he had an electrocardiogram at the age 
of 23 year.s which showed “delayed interventricular conductioir time.” That tracing was not 
available to us, but he stated that it appeared stnrilar to the present oloctiocardiogram. 
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WOLFP-PAEKINSON-WHITE SYNDEOME 

Eeport op Five Cases 

Ma.jor Eoger W. Edbinson, M.C,, and Capt.un Williaai G, Talmage, M.C. 

; . : Araiy of the United States 

T he electroeai’diograpliie syndrome of a short P-E interval with a long 
QRS complex in patients who are subject to attacks of paroxysmal tachy- 
cardia was first described by Wilson,^ in 1915. Isolated eases were then re- 
. ported by Wedd- and Hamburger.^ It ivas not until 1930 that AVolff, Parkin- 
i; son, and ’White^ focused attention upon this clinical entity by reporting a 
.. series of eleven eases. They emphasized the benign nature of the condition. 
.. Since then, there have been several case reports from different parts of the 
Avorld. The largest group of cases (twenty-two) was reported by Hunter, 
Tapp, and Parldnson,® in 1940. They stated that this syndrome constituted 
5 per, cent of their cases of bundle branch block, and was present in 5 per cent 
■ • of their patients who were subject to paroxysmal tachycardia. They collected 
one hundred nine eases from the literature. 

Recently; five eases have come to our attention, two with unusual features. 
;; Three of the cases Avere observed in the Army. The benign nature of the con- 
clition had not been recognized on previous examinations. The important fae- 
’ fpr in ascertaining Avhether these patients should be retained in the Army or 
■■ returned to civilian life depends upon the frequency and disability produced 
liy the attacks of tachycardia, and not on the bizarre appearance of the electro- 
If the attacks of tachycardia are infrequent and of short dnra- 
hon, and stopped promptly by Arngus stimulation or abolished by quinidine, 
llfese patients may pDerform useful service in the Army. The purpose of this 
paper is to report the cases that Ave have obseiwed. 


CASE reports 

■ P‘^tieut was a 29-year-ol(l white man. There was a strongly positive his- 

' ^’iiscular disease in his family. His father, mother, and brother have hypertension. 

- it . past liistory of rheumatic fever, chorea, syphilis, or hypertension. He had had 

' - ®6niugitis ” at the age of 15 years, with an uneventful recovery. His chief eom- 

‘ attacks of palpitation since Pebruaiy, 1940. Each attack lasted 

‘ (leid “minutes, and the onset of each was sudden. The attaeivs stopped promptly Avhen he 
^•‘®ath or, applied stimulation to the carotid sinus.' Tlie patient, a physician, stated . 

; for publication July l?, 1944. 
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bliowb normal smus rhythm, with extrasvbtoleb rluuacteribtic of the Wolff-Parkhison- White 
type, occurmg as bigeminy in Lead U. Fig. 5 shows a strip of Lead If. There are normal 
beats, ventricular extras 3 stoles, and extrasystoles similar to the Woltf-Parkinson-White . 
beats leading to paroxysmal auricular tachycardia. ^ 

This patient's attacks of tachycardia were eouti oiled by quinidine. He was not^ 
thought to be incapacitated by the infrequent attacks of tachycardia, -which were con- g 
trolled bv quinidine. He was therefore reclassified to a limited duty status, confined to ? 
the continental United States. ?■ 


Case 3 Description jn te\t 



Fig. a. — Case 3. Description in text 


Case f. — This patient was 26 years old -svhen he first came under observation by one 
of us (E. W. It.) in October, 1939. There was no history of vascular disease in his family. 
He had not had rheumatic fever, syphilis, or hypertension. His chief complauit was of 
frequently recurring attacks of palpitation for live months. The attacks were usually short 
in duration, lasting only a few minutes, Vnit recurred almost daily. There nere no symp- 
toms of heart failure or angina. 

On physical examination, his blood pressure was 125/70. His heart was of normal sue, 
the rhythm ivas regular, and no murmurs were heaid. The retinal vessels and peripheral 
arteries were normal. The urine, blood, and Kahn reaction were negative. The scdinicni.i’ 









ROBINSON , AND TAL^MAGE : 


WOLFE-PARKINSON-WHITE 


SYNDROiME , 


57 


■ On examination, his blood pressure was 150/110. The peripheral arteries were normal 
The fundi showed no evidence of retinal vascular disease. The heart was normal size. Th 
' heart , rliythm was regular and no murmurs were heard. The heart size tvas normal on roent 
Venologie examination. The blood and urine were normal. The blood nonprotein nitrogei 
was 35 mg. per cent, and the phenolsulfonphthalein excretion, 75 per cent. His urine concen 
hated to 1.024 and diluted to 1.002. Tlie sedimentation rate was' 4 mm.' (Westergrej 
' method) , , and the blood Kahn reaction rvas negative. An exci’etion pyelogram was normal 
An. electrocardiogram (Pig. 2) showed a short P-E interval, of 0.10 to 0.12 second, and i 
long QKS interval, of 0.12 second.. An unusual feature of this case Avas inversion of th( 
P waves in Lead III. The P Avaves are supposedlj' upright in all leads in this, syndrome 
Subsequent tracings were identical AA'ith this one. 

This patient Avas a lAlij’sician. He did not have attaclcs of tachycardia, so that h( 
was not. disabled, by this syndrome. He aa^s reclassified on a limited duty status, con 
fined to the continental United States because of the hypertension,' and not because ol 
his electrocardiogram. 



■ a. b. c. d. 

Fig. 3. — Case 3. Description in text. 


Case 3.- — This patient Avas a 29-year-old, Avhite, male officer. There Avas no history 
ot vascular disease. in this patient’s family. He had not had rheumatic fever, chorea, 
.syphilis, or hjrpej.tension. His chief complaint Avas of -recurrent attacks of imlpitation 
firing the preceding year. .The attacks began suddenly, lasted scAmral hours each time, 
and Avere relieved by lying doAAui, bending over, or holding his breath. 


• Oh physical examination, his blood pressure Avas 110/68. The retinal vessels and 
.peripheral arteries Avere normal. Examination of the heart was negative. The urine, 
_ ) and Kahn reaction Avere negative. The sedimentation rate Avas 2 mm. (Westergreii 

. - ,ou). The blood nonprotein nitrogen AA'as 31 mg., and the sugar, 78 mg., per cent. The 


iaie hiormal on roentgenologic examination. An electrocardiogram (Pig. 3, a) 

^ 'cii Oc(;_ 1943^ showed auricular tachycardia, Avitli a rate of ISO. Pig. 3. 1) shows ? 

uOrmnl 4 - - - ' ' a J 


Avitli a P-,R interval of 0.20 second and a QRS interval of 0.08 second; 
recorded Dec. 7, 194:’.. Pig. 3, c sIioaa's the characteristic short P-E interval (0.09 
iube^t interval (0.14 second). Porty minutes after grain of atropine 

. . cu aaeously, the . QES , interval Avas shortened slightly in Lead I (Pig. 3, d). Pig. 4 
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tion rate was 4 mm. CWestergren method). The blood nonprotein nitrogen was 32 mg 
and the sugar, 84 mg., per cent. The blood Kahn reaction was negative. The heart was 
of normal size on roentgenologic examination. An electrocardiogram (Pig. 6, a) taken 
Oct. 16, 1939, showed the characteristics of this syndrome, with a P-R interval of 0 10 
second and a QES interval of 0.12 second. Prequent tracings since then have been the 
same. However, a normal tracing was obtained Nov. 2, 1941 (Pig. 6, h), udth a P-E in- 
terval of 0.18 second and a QES interval of 0.08 second. On July 21, 1942, a supraventricu- 
lar tachycardia, with a rate of 185, was recorded (Pig. 6, c) . Another tracing, taken Sept. 
2, 1942, still show'ed the electrocardiographic features of this syndrome (Pig. 6, d). 

The patient had daily attacks of tachycardia, even when he was taking quinidine. He 
would therefore be unable to qualify -as a soldier in the Army. He would in all probability 
be disqualified because of the disability produced by his attacks of tachycardia, and not be- 
cause of the bizarre electrocardiogram. 

Case 5."" — This patient wms an 18-year-old white girl. The past and family histories 
were negative. The patient had never had an attack of paroxysmal tachycardia or other 
symptoms referable to her heart. On Peb. 15, 1944, she had a sore throat. Two days later 
she experienced migrating joint pains, malaise, erythema nodosum, and fever. 

On examination, her blood pressure was 116/68. The temperature was 102° P. The 
peripheral arteries were normal. The fundi showed no evidence of retinal vascular disease. 
The heart was of normal size. The heart rhythm wms regular, and a soft sj'stolic murmur 
was heard at the pulmonic area. The heart was of normal size on roentgenologic exami- 
nation. The leucocyte count was 13,000, and the sedimentation rate, 84 mm. (Wintrobe 
method). The urine and the blood Kahn reaction were negative. An electrocardiogram 
(Pig. 7) showed the short P-E interval and long QES interval characteristic of this con- 
dition. Subsequent tracings were identical with this one. The joint pains, fever, and 
erythema nodosum responded promptly to 20 grains of aspirin four times daily. There 
W’ere no complications during her convalescence from rheumatic fever. 

Tliis was a case of rheumatic fever in a patient with the Wolff-Parkinson-White syn- 
drome. The P-E interval did not become prolonged during the course of the rheumatic 
fever. 


DISCUSSION 

Tliere were a few unusual features in these cases. It is characteristic for 
the P waves to he upright in the conventional leads. In Case 2, the P waves were 
diphasic or inverted. In Case 3 there was the unusual feature of normal beats, 
ventricular premature beats, and premature beats of the ‘Wolff-Parkinson- 
White type leading into paroxysmal auricular tachycardia. In Case 3, also, 
noi’mal beats alternated Avith premature beats ivhich Avere identical Avith the 
beats of the Wolff-Parkinson-White type oliserved at other times in this pa- 
tient, occurring as a bigeminy. 

This syndrome is being recognized Avith increasing frequency. If theic 
is no associated heart disease, the condition is apparently benign. If the 
patients are disabled by it, it is because of the associated attacks of paroxysmal 
tachycardia, and not the result of the bizarre electrocardiogram. 

SmilLVRY 

Five eases of the Wolft'-Parkinson-White syndrome have been presented, 
Avith comments upon some unusual features encountered. These patients may 
be able to perform useful service in the Army if they are not incapacitated 
by frequent attacks of paroxysmal tachycardia. 

We Avish to exprets our uppreciatiou to Dr. S. A. Levine, of Bo.stoii, for liis ooJ 
interpreting some of the eleetroeanliognim.s. We are indebted to Colonel .J:in)e.s S. Hneeut.'i 
Chief of the Aledieal Service at Bu.shnell General Ilu.spital, for many helpfn! .suggcation- 
and the editing of thi.s paper. 

*AA'e are indebted to Dr. J. C. Hayward of LiOgan, Utah, for ijcrmitting us to include th 
case in our series. 
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Tabi-B I. 


COMI' tRISOK OP MoKTABITY IN CASES IN illCH AUIUCOLAR FiBUIIAATION 
blSAPPE-VRED AND IN THOSE IN WlIICII It PERSISTED 


1,247 (whole group) 

S-1 (with auricular fibrillation) 

29 (in wliieh arrhythmia disappeared) 
55 (in which arrhythmia persisted) 


MORTALITY 



51.5 

79.5 

58.6 
S9.4 


T VBLE II. Relation op Time op Developjient op Auricular Fibrillation to the 
Disappearance or Persistence op the Akriiythjiia 


relation to time op I 

MYOC.VRDIAL INFARCTION 

[ AURICULAR FIBRILLATION j 

MORTALITY 

1 DISAPPE-VRED 1 

persisted 

S (preceded) 

1 

7 

99.0 

41 (coincident) 

1 

40 

Sl.S 

35 (followed) 

27 

8 

72.0 


Avas only slightly increased. In the 55 eases in which it persisted, the death 
rate was markedly increased. The persistence was apparently the most im- 
portant factor about the ai’rhythmia which influenced mortality. Persistence 
of auricular fibrillation was found to be correlated both with the time of onset 
of the arrhythmia and with the degree of pre-existing cardiac damage (Table 
II). In nearly all cases in which the auricular fibiullation preceded»or coin- 
cided with the onset of the myocardial infarction, the arrhythmia persisted, 
whereas, in nearly three-fourths of those in which the auricular fibrillation 
occurred after myocardial infarction, the arrhythmia disappeared. 

comparison op PERSISTENT GROUP WITH TRANSIENT GROUP (TABLE III) 

The group with persistent auricular fibrillation showed evidence of marked 
pre-existing cardiac damage. In this group, as contrasted with the group in 
which the arrhythmia disappeared, twice as many gave histories of signs and 
symptoms of previous cardiovascular disease, such as hypertension, dyspnea, 
and edema (83.6 per cent as compai'ed with 41.3 per cent). One-half gave 
histories or had necropsy evidence of previous infarcts, and nearly three- 
fourths had congestive failure. A surprising discovery was the number who 
died with clinically suspected systemic emboli. Nearly one-third of the deaths 
in the group with persistent auricular fibrillation Avere due to such emboli, 
as contrasted to only one-ninth in the group in Avhich the arrhythmia disap- 
peared. The conversion to sinus rhythm was not as productive of emboli as 
was the per.si.stenee of the arrhythmia. 

Clinically su.spected embolism in the greater circulation, only, was con- 
.sidered. Pulmonary embolism may often arise from peripheral venous thrombi, 
but sudden hemiplegia or sudden arterial obstruction in an extremity, if due 
to embolism, can arise only from the left side of the heart, save in paradoxical 
embolism due to anomalies of the cardiac septa. 


Table III. Comimrison of Persistent Group Witii Transient Group 


AUKICUI..\r. j 

firuili..\tion 

.VVER- 

j ‘'<32 
AGE 
i(yRs.) 

PREVIOU.S 

CAKOIO- 

VA.SCUL.VR 

DLSE.ISB 

1 

PREVIOUS 1 
INF.VKCTS j 

1 

CONGESTIVE j 
F.VILURE 

SYSTEMIC 

EilBOLI 

BKATIIS 

Transient 

(:t9) 

(55) 

66 

68 

12 

(41.3%) 

■IG 

(83.6%) 

2 

(0.9%) 

30 

(52.6%) 

(24%) 

41 

(71.S7o) 

2 

(11%) 

(of deiitii.s) 

15 

(20.4%) 

(of deatlis) 

17 

(58.6%) 

51 

(89.4%) 
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THE PEOGNOSTIC SIGNIFICANCE OF AUEICULAE FIBEILLATION 
IN ASSOCIATION WITH MYOCAEDIAL INFAECTION 

• John M.vrtin Askey, M.D., Los Angeles, -Calif., and 
Firot Lieutenant Otto Neur.vth, M.C., Arjiy of the United St.ites 

A UEICULAE fibrillation is infrequently associated with myocardial infarction. 

• Prognostieally, it has not been regarded as a serious complication alone, 
but rather as a reflection of an advanced degree of cardiac failure. It has 
been regarded as usually transient, requiring no specific consideration. Be- 
cause of its infrequency, no large series of cases has been analyzed. Master, 
Hack, and Jalfe^ found 22 instances among 300 patients with myocardial in- 
farction (7.3 per cent) ; Eosenbaum and Levine- found 25 among 208 patients 
(12 per cent), and Eathe,® 35 among 274 patients (12.7 per cent). 


aiATERIAL 

,We have studied 84 patients with auricular fibrillation; this occurred in 
a group of 1,247 patients with myocardial infarction who v/ere admitted to 
the Los Angeles County General Hospital, an incidence of 7.7 per cent. This 
paper concerns itself only with the prognostic significance of tlie arrhythmia 
Ri these cases. ‘ The diagnosis of myocardial infarction was accepted only when 
the history and electrocardiogram were typical. Auricular fibrillation was 
diagnosed only when confirmed bj'' electrocardiograms. Probably many cases 
of transient fibrillation, with no tracings, 'were overlooked. Therefore, the 
figures do not actually represent the incidence of the arrhythmia in its transi- 
ent form. They should, however, represent the iiicidence of the persistent form 
in this group. Contrary to expectations, auricular fibrillation was found to be 
persistent in a large number of eases. In 29 instances the arrhythmia disap- 
peared ; in 55 it persisted. 


iMUBTAElTY KATES - 

The mortality among the 1,247 patients wdth myocardial infarction durin 
|heir hospitabzation (about one month) was 642, a rate of 51.5 per cent (Tab! 
U- The 84 patients with auricular fibrillation had a definitely higher deat 
fbe 29 cases in which the arrhythmia disappeared, the mortality rat 

"f So«l,om California School of Mclloln, 
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>r- ihe e 5 'u-et of auricular librillatioii complicating myocardial uifarctiou in the 
-Vhs.'ncc of congestive failure. Of two groups with myocardial infarction, but 
no con-cstive fadui-e and no known previous infarcts, in which the presence 

1U> CUil-V 74.* f %. . VI. Al_ - 


oi aiin^'ular 


oL .uui'-uoo fibrillation in one group was the only variable, both the mortality 
rate and the incidence of systemic emboli were markedb' increased in the one in 
which ihe arrhythmia was present. Persistent auricular fibrillation, therefore, 
\vas a hazard whether it was imposed upon previously damaged hearts or upon 
nreviou.sly undamaged hearts. 


SUimiARY OF OB.SERVATIOXS 

1. The mortality rate among patients with myocardial infarction plus 
auricular fibrillation was much higher than in a group without auricular 
fibrillation. 

2. Prognostieally. if the auricular fibrillation disappeared in one day, the 
mortality rate was slightly increased; if it persisted longer than one day, the 
mortality rate increased markedly. 

3. If no reversion to sinus rhythm occurred, death ensued in 89 per cent. 
Oiic-third of the deaths were due to clinically recognized systemic emboli. 

4. Persistence of the arrhythmia could be correlated with pre-existing 
cardiac damage. 

5. Cardiac damage, however, was not the sole cause of the liigh mortality 
rate and high incidence of embolism. 

6. Auricular fibrillation increased the mortality rate and incidence of 
embolism, regardless of whether congestive failure was or was not present. 

7. ^Vhether or not auricular fibrillation was found in the first electro- 
cardiogram was a fairly reliable way of predicting whether the arrhythmia 
would be persistent or transient. In only eight of the 55 eases in which 
auricular fibrillation was found in the fii'st tracing did the arrhythmia disap- 
pear. whereas, in 27 of 35 in which the arrhythmia followed myocardial in- 
farction, sinn.s iliythm i-eturned. If the auricular fibrillation definitely followed 
myocardial infarction, tlie proanosi.s was about average if it disappeared in 
one day or less; but if it lasted over one day, the prognosis was much worse 
becaii.'ic then the arrhythmia persisted in about one-third. The worst prognosis 
wa.s among tho.se who.se aurieular fibrillation was knowil to have existed before 
(99 per cent mortality, with 57 per cent dying of .systemic embolism), and 
among tho.se who had had a previous infarct (96 per cent mortality, with 30 
per cent systemic embolism), (Tnly congestive heart failure with enlargement 
oi the liver and edema of the ankles was considered. 


RELATrOX TO LOCATIOX OF IXFARCT 

I here was lui correlation of the auricular fibrillation with the location of 
the iiuarct. ^\ood, Wolicrth. and Pellet* found a'high incidence of auricular 
iibnll.itiou in ab.v>eiation with lateral infarction of the loft ventricle. Thomson 

» '--d, !. \ I. L04 .VHmN- Or Tx> V,;/ T.S .\T XHCROrSY JS Fli-a’V-O.VK 0.\.SK.S OF JfYOCAliOI-'.L 

lKF.M;.''noK .SKD Arr.icui..\K Fji{i:rr,i..\Tio.\' 


5-, ft L'lii rot .s ill f ri .•i-nr'i'”” 

K'V-v'.’-'tr'* infari-tion frw.*ut) 

..4.1 .t.s.tr. .-.Itr -"j'.tudi ' 


NO. 


tt 
1*1 

tt r.o 


\T -"j'.tUdl 
'51.! (toiiiLiiit.Ti 

Xi“T 


11 

21 


lO" 

(i 

i> 

1 

28 

12 
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Persistent auricular fibrillation, therefore, produced a very high death 
rate (89.4 per cent). In 85 per cent, the arrhythmia appeared in the first 
electrocardiogram and was usually associated with congestive failure. One- 
third of the deaths were due to systemic arterial emboli. 

THE EFFECT OF aiEDICATION 

Although auricular fibrillation tended to disappear in the majority of pa- 
tients who received quinidine alone, and to persist in the majoyity of patients 
who received digitalis alone (Table IV), the effect of the medication was not 
conclusive. Quinidine alone was used for patients ^vith little pre-existing heart 
damage, in many of whom the arrhythmia was recent and might spontaneously 
have disappeared, whereas digitalis alone was used for those with marked pre- 
existing damage, in many of Avhom the arrhj’thmia was already established. 
Digitalis is not used to terminate auricular fibrillation, whereas quinidine is. It 
is impossible to predict, therefore, whether or not the auricular fibrillation would 
have disappeared anjnvay in those cases in which quinidine apparently stopped 
the arrhythmia. It is also impossible to predict what the effect upon the ar- 
rhythmia would have been had quinidine been given in addition to digitalis in 
those cases in which the auricular fibrillation persisted. 

Table IV. Relatiox of Type op Medication to the Disappearance or Peksisteni’E 

OF Auricular Fibrillation 


JIEDICATION 

None 

Quinidine alone 
Digitalis alone 
Digitalis and quinidine 

Total 



THE EFFECT OF PRE-EXISTING CARDIAC DASIAGE 

Since marked pre-existing cardiac damage was so closely correlated .with 
pemistent auricular fibrillation, one must ask whether the damage alone was 
responsible for the high mortality and the high incidence of embolism. Can 
one ignore the arrhythmia, per se, in the prognosis, and predict the outcome 
upon the basis of the cardiac damage alone? If so, patients vdth myocardial 
infarction and congestive failure, but Avith no auricular fibrillation, should 
show approximately the same mortality rate and incidence of embolism as a 
similar group in which auricular fibrillatioife ivas the only other complication 
(Table V). 

The incidence of embolism was much lower, however, when no auricular 
fibrillation occurred (7 per cent as compared Avith 34 per cent), indicating that 
the arrhythmia increased the hazard of embolism. This Avas further .suggested 


TiVBLE V. Mortality and Clinically Recognized Ejibolisai (Systemic) 

IN Myocardial Infarction 

(Effect of Congestive Failure and Auricular Fibrillation) 


PATIENTS AVITII MA'O- 
CARDIAL infarction 

MORTALITY (%) 

without 

.U'RIGDLAR 

FIBRIL- 

LATION 

AVITII 

AURICULAR 

FIBRIL- 

I.UVTION 

With congestive failure 

83.0 

89 

No congestive failure — 

43.4 

66 . 

no previous infarcts 




percentage of sys- 
temic EilBOLI 


AVITHOUT 


NUMBER O.F CASES 


FIBRIL- 

LATION 


FIBRIL- 

1.ATION 

34 

16 


WITHOUT 

AURICULAII 

FIBRII.- 

LATION 

85 

76 


AVITH 
lCIUCUI.A 
FIERI L- 
LATION 

48 

36 
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v..„tri»»l.'.r .ate a..d by i.,creaai..g the possibility o£ fetal syste.nic emboli 
^vm.1,1 seem imperative. Tl.o fneto.-s to be considered are complex, and mill 
he dfjlt with in another study. 


CONCLUSIONS 

Auricular fibrillation in association with myocardial infarction in a series 
ut iiuhfy-four patients at the Los Angeles County General Hospital was a 
hazard as regards both mortality rate and the incidence of systemic emboli. 
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GASTROINTESTINAL SYMPTOMS OF PROGRESSIVE 
]\IYOCARDIAL DISEASE 

Rout. L. Mo^Iill.vn, il.D., Fred E. Cowden, M.D., and J. B. Rriniiart, M.D. 

Winston-Salem, N. C. 

OTATEilENTS can be found in medical literature to the effect that gastro- 
intestinal symptoms are of common occurrence in primary heart disea.se, 
:md that tliese symptoms may largely overshadow the more typical symptoms of 
heart failure. Thus, in 1S92, Oslei*’ made the observation that “cases of cardiac 
iiisuflicicucy whicli do badly and fail to respond to digitalis are most often 
lho.se in which nausea and vomiting are prominent symptoms." Likewise, Her- 
rick,- in hi.s original article on the clinical features of coronary occlusion, re- 
marked Unit “nausea and vomiting with belcliing of gas are quite common." 
Prior to the iiublicaliou of Herrick’s cla.s.sic paper, and indeed even up to the 
j*r>',seut writing, the acute jihase of coronary occlusion has often received the 
luiMiomer oj '■ acute indigestion." 

Ill .-jfiitc oi‘ thc.se and other isolated in.stances, it is rather remarkable that 
-so little at tent ion has been directed to the gastrointestinal .symptoms 'of eon- 
..cslue hcau lailurc from tiie jioint of view of diagiiosi.s, prognosis, or treat- 
vathor meager e.Kperiinental work in this field lias not been given 

r .w-.f Vs'sj.L*;.'; it.J .Metlicine Cowm.'tn Gray School of Medicine of Wake 
V ; > / -.-.ih (urolijia. no.-ipnal. Wliiiitoii-Salein. X. C. 
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and Fell® recently published a similar report. In fifty-one of our patients with 
auricular fibrillation, necropsy revealed no significantly higher incidence of 
lateral wall infarctions than is found in a group without auricular fibrillation; 
The percentage distribution of the location of the infarction was much the 
same as in patients with no auricular fibrillation (Table VI). 

CAUSE OP AURICUL.-VR FIBRILLATION 

What causes auricular fibrillation to appear in association vuth myocardial 
infarction? Auricular anoxemia and vagal stimulation are apparently the im- 
portant factors in its production in the experimental animal.® Congestive failure 
and auricular distention are apparently important to the extent that they induce 
auricular anoxemia, but neither is essential for the production of auricular 
fibrillation. Vagus stimulation alone has produced auricular- fibrillation in the 
dog.". Apparently, in coronary artery insufficiency, there is hypersensitivity to 
vagal stimuli, as suggested by the increased sensitivity of the carotid sinus 
reflex.® The production of auricular fibrillation would seem to be determined 
by the degree of vagal aetmty, the degree of auricular anoxemia, and the in- 
dividual susceptibility of the patient. A liigher percentage should therefore be 
found among the patients vdth congestive failure, and the auricular fibrillation 
should persist longer. This was found to be true. Although it was impossible 
in most instances to ascertain which was the precursor, congestive failure or 
auricular fibrillation, they were associated in forty-eight instances. In these 
cases the arrhythmia usually persisted. Congestive failure was not necessary 
to precipitate the arrhythmia, however. Auricular fibrillation occurred in 
thirty-six eases without congestive failure. In most of these the arrhythmia 
disappeared. 

DISCUSSION 

This series was surprising because of the large number Avhose auricular 
fibrillation persisted until death. Forty-seven of the fifty-five patients with 
persistent auricular fibrillation showed the arrhythmia in the first tracing, so 
that it was impossible to know in how many it existed before the onset of 
myocardial infarction. Levine® believes that myocardial infarction occurs 
rarely in patients with persistent auricular fibrillation, but in eight of our cases 
the arrhythmia had been demonstrated in previous tracings and out-patient 
examinations. In how many of the others it existed prior to the onset of 
infarction is unknovui. 

It is apparent that severe, long-standing cardiac damage Avas the cause 
of persistent auricular fibrillation. Despite the severity of the underlying 
damage, hoAvever, the data Avould suggest that the arrhythmia Avas definitely 
an additional hazard, increasing the death rate in general, and systemic 
embolism, in particular, over and aboAm that Avhich Avould result from the 
cardiac damage alone. 

The concept that auricular fibrillation is not a significant prognostic 
hazard Avhen associated Avith myocardial infarction has been based up'on the 
premise. that it is transitory, and that it is the associated shock and heart 
failure, rather than the arrhythmia, Avhich is dangerous. . The above series 
, demonstrates that auricular fibrillation may not be a serious prognostic factor 
if it is transitory, but that the persistent form is not necessarily uncommon 
and constitutes a definite prognostic hazard. The elimination of an ectopic 
rhythm Avluch increases the load upon a badly damaged heart by increasing 
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CASE REPORT 

\ R., a -U--,ear oki white iiien-lianf, was admitted to tlie piivute medical service of 
the Xerth Carolina Uaptist Ho^i.ital with an illness of about two months’ duration. He had 
been knotra to have hypertension for ajn)io.\imately ten years, and his family physician had 
found his Wood pressure as high as 210/140 on frequent occa.don.s. He had, however, been 
• .<ue ant! rt'lritively free of symptoms until his present illness. Ho had complained of 
d d : -w-ra..! 'ind "of ‘-iwiiiges of pain in the chest” on e.xertion for several years, but 
j a,.v, , severe, required no medication, and produced no disability. 

(i-i .[.m. fs, 19-13. two montlis prior to atlmisaion, the patient awakened early in the 
or.'!!' • w'ii a fi‘“ling of nausea which became progressively more severe. This w’us accom- 
panied a acu'C of aub.'temal oppiession, an4l he vomited several times. He complained 
chieflv of the nau=ea and vomiting, but was moderately dj-spneic and stated that his physician 
noted a fall in his blood pressure. 

The diagnosis of coronary occlusion was determined upon, and the patient remained 
in bed for the next three weeks, after Avhieli he gradually resumed his work in his store. 
During his convalescence he continued to complain of severe nausea wliich was relieved oiily 
bv \oioifing. These symptoms occurred as often as three to five times a day; the vomitus 
was yellowish green, without Wood. He was receiving no digitalis at this time. 

He showed gradual improvement and returned to work, but three weeks prior to ad- 
mis.'ion he was again awakened during the niglit by severe nausea, vomiting, and a sensation 
of constriction in his chest. He was taken to another hospital, where he remained until 
being transferred to the Baptist Hospital. In the interim he had been given digitalis and 
aininopliylline witliout improvement. Tachycardia at a rate of 140 per minute was noted, 
nds persisted and resisted tire above therapy, as did the nausea arrd vomitirrg. 

The family history revealed that one brotlier had died of hypertension, one brother 
liaii iiypertension and was living, and one son, aged 20 years, had been rejected by the Army 
Medical Cor-ps because of high blood pre.-stire. 

Physical Examination . — On March 30, 1943, the date of admission, the patient’s tempera- 
ture was 30.8 C. (98 F.), his pulse rate, 140 per minute, arrd his respirations, 28 per minute, 
'fho systolic blood pressure was loS mm. Hg, and the diastolic pressure was 148, with 
complete disappearance of sounds at 135 rum. Hg, resulting in a pulse pressure of only 
10 mm, of mercury. 

The patient was a heavy-set, ruddy-faced male, appearing chronically ill. His breath- 
ing was of the Choyne-Stokes variety, and the neck veins were moderately disterrdod. Ophthal- 
moscopic examirmtion revealed marked narrowing of the arterioles, with advanced arterio- 
venous nicking and mild papilledema. There was no hemorrhage or exudation. The chest 
was Hyminetrieal, with fair expansion; there were diminished breath sounds in both bases, 
and abo a few .-•cattered, moist, crackling rales. The cardiac dullness was remarkably increased 
and extemled to tlic anterior axillary line in the tifth left intercostal space. The entire 
precordimn appeared to shiver during .sy.-'tole, and the' apex impulse was not well localized. 
I he sound.-i were dear and of moder.'ite intensity, and a jiresystolic gallop rhythm was heard, 
best at tile apex. Tlie radial piil.-es were of .small volume, equal, and regular. 

riie ubdoiiien was pendulous and showed no spasm or tenderness. Questionable shifting 
dullne-> ’..as noted. Tlie liver was palpable about 4 cm. below the costal margin and was 
quite tender. 

Ihcrc was no edema of the extremities, .scrotum, or over the .sacrum. Neurologic ex- 
aiiiiimiioa '.va.. negative. Kectal examination revealed no lesion. 

Cl'niciil Daft/.— The specific gravity of the urino was 1.029. There was a 
tib.umin. but no sugar, and the microscopic examination sliowed occasional 
ira urn and granular emst-/. Erythrocyte counts on two occahion.s were 3.9 and 5.2 million, 
am t .a f:emeg]^,lau 17.5 and 15 Gm. per 100 c.c. of blood (Salili). Tlio total and differ- 
„ , _ ^ I' not remaikable. The blood nonprotein nitrogen varied from 

^ mg, 1 e.e. .,u :uin.i>,ion to 47 mg. per 100 c.c. two days prior to death. The blood 

... per 100 cubic centiineter.s. The total scrum protein two week.s 

uu r :t.A7.i^-iua v.as 3 i Gm. falbamin, 3..5 Gm., globulin, 1.9 Gm., albumin-globulin ratio, 

’ t i V“. chlorides were 73 mcq. per 

T'.', therapy, were 94 meq. per liter. 

.fi, a.i’. u^'. |,-r W c.t-., an.l tin; blood Kalm re/iction w.xs negative. 


4 L 

f\ 


rt-veahd normal rhythm at a rate of 1.30, and slight left 

l-L interval v..'m O.IO .-ccond, and qUH. 0.00 second; S-T, and S-T. 
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iiill clinical application or led to more, Ulnminating studies. It is, therefore, 
our purpose to review briefly the literature on nausea and vomiting as mani- 
festations of severe cardiac disease, outlining some current concepts of the 
underlying pathologic physiology, and to present a case of progressive myo- 
cardial failure in which gastrointestinal sjTnptoms dominated the clinical pic- 
ture and resisted all therapy; their steadily increasing severity paralleled the 
fatal coui'se of events. 

Levine^ states that there are many instances of congestive heart failure 
in which nausea, abdominal distress, and often vomiting occur. Harrison^ re- 
ports that occasionally these symptoms occur in patients vuth chronic congestive 
failure and in mjmeardial infarction ; in the former they are ascribed to venous 
congestion of the liver and stomach. Cliristian'^ and Tice® also make brief ref- 
erences to the occurrence of nausea and vomiting in heart disease. The fact 
that these various authors recognize that these symptoms are at least occasion- 
ally a part of the clinical picture of chronic heart failure leads one to conclude 
that their occurrence is not uncommon, although no statistical data are available 
to support this belief. 

That the, presence of nausea and vomiting does not necessarily imply a 
primary disturbance of the digestive tract is all too frequently lost sight of. b}’ 
the physician, and perhaps accounts for the relative scarcity of clinical corre- 
lation between primary cardiac disease and gastrointestinal symptomatology. 
The common fallacy of ascribing these sjuiiptoms directly to the digestive tract 
is evident when one recalls the pharmacologic action of such drugs as digitalis 
and apomorphine. Hatcher and Weiss^ showed experimentally that the emetic 
effect of digitalis bodies was exerted by reflex action directly from the heart 
itself. They further concluded that the heart proper is frequently the seat of 
the vomiting reflex induced by primary disease of this organ.®’ ® This concept 
is supported by the work of Sutton and King,^° who found that, in conscious 
dogs, traction upon a ligature passed loosely about a coronary artery and 
brought out through the thoracic wall was followed by vomiting and apparent 
nausea. ■ It was further demonstrated by these two groups of authors, who 
were working independently, that the afferent are of this reflex is chiefly by 
way of the sympatheties, and, in part, probably by the vagi to the vomiting 
center in the region of the sensoiy nuclei of the vagi near the floor of the fourth 
ventricle. The efferent pathways of the reflex of nausea and vomiting are well 
understood and will not be discussed here. Further interrelationships of the 
heart and stomach have been noted by Manning, Hall, and Banting, who 
found marked congestion, with hemorrhages, in the stomach and duodenum, 
along with infarctions of the myocardium, after repeated stimulation of the 
vagus nerve in dogs. Gilbert, Femi, and LeKoy^- produced reflex coronary 
vasoconstriction in dogs by initiating vagal stimulation in the gastrointestinal 
tract. Likewise, Le’v^^ and Boas” showed that patients with peptic ulcer who 
later developed angina pectoris had their angina in the form of epigastric pain, 
often simulating the pain of peptic ulcer as experienced previously, but ^yitll 
the typical causal factors of exertion and emotion. 

The studies discussed above may be summarized as follows: (a) Disorders 
of the heart may produce reflex disturbances of the stomach, and vice versa, 
(b) Nausea and vomiting are not, uncommon symptoms of cardiac disease, espe- 
cially disease resulting from inadequate coronary flow, (c) These symptoms 
may, under certain conditions at least, be induced reflexly from the heart itself. 
The following case seems to illustrate these several poiiits. 
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in. Uic posterior wuil uud in the iiitcr\ciitriculiir septum. 
;ir 5(;Iero=w, with an occasional area of tlirombosis, was found. The coronarj- 
ail degree^ of arteriosclerosis, H'itli luminal narrowing and finally thrombosis. 


D1.SCUSSIOX 

One is iniprt'.ssed with several features of this ease which, in our expe- 
j’ltjiH'o are nut infreQuent as se(|uelae of coronary thrombosis. These featmes 
.lu- esst-ntialiv myocardial infarction, manifested mainly by protracted nausea 
.,iid \umitiiig After tliis there was progre.ssive cardiac insufficiency over a 
M'liod of aj'pro.'dmately two month.s, and the symptoms were predominantly 
L'a.stroiniostinal m nature and resisted all therapy. 

Interest imr, too, were the persistently high diastolic blood pressure and low 
pulse pres.sure. which .led one to suspect pericardial effusion or eonstiuetive 
pericarditis. Furthermore, the patient’s entire course w^as characterized by 
evidence of ‘’forward failure,’’ and only terminally was there much evidence 
of congestive failure. 



n— bcctiou through apparently normal raycocarclium. In tlie center of tlie plioto- 
^ •*?niall artei*y which .shows localized thickening of the subendothelial connec- 


Ihe usual causes of vomiting and nausea in a ease of congestive heart 
failure are: (1) drugs, (2) visceral congestion, (3) vitamin deficiencies, (4) 
.stimulation of the vomiting center by metabolites, as in uremia, and (5) ex- 
tcn'.ive myocardial damage, as with the myocarditis of acute rlieumatic fever. 
In the case presented here the nausea and vomiting Avere not jirodueed by drugs 
Mich as digitalis or opiates, for the .symptoms occurred prior to their adrainis-' 
(ration and per.Mstod after their di.scontinuance. Nor can the.se .symptoms he 
attributed t(» visceral congestion, for at necroji.sy tlie viscera, except for tiic 
U’.er. snowed only minimal congestion, and, indeed, llie nausea and vomiting 
wj'n* prumlnent icuturcs even liefore the congestive ])lienomena were oh.served. 


tiu laiiiux* to iinprovy alter parenteral vitamin therapy apptirently excludes 
♦ ita.j.m tofuhmij', ,i,j causes ot the nausea and vomiting. IIowe\'er, Smith 
ait* 'urtir nave reporic.l several ea-se.s of vitamin deficiency in which the 
'^'***'* P'^faHeled this ca.se, and this raises tlie question whether 

, ' ha%<. Inen an in.staiico oJ chronic deficiency'’ of vitamin B com- 
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were depressed; S-T^ was elevated; and were upriglit; and T„ and T3 were inverted. 
Diagno.sis: Sinus tachycardia. The record suggested nrybcardial disease with fairly , recent 
myocardial infarction, probably of the posterior type. 

riuoroscopic examination of the cliest showed marked cardiac enlargement due to . 
hypertrophy and dilatation, without characteristic configuration. The amplitude of the 
cardiac contractions was greatly reduced. The fluoroscopic examination was repeated three 
weeks after admission, but no change wms seen. Gastrointestinal roentgenologic studies two 
weeks after admission were negative. The basal metabolic rate +27 per cent. The venous 
pressure soon after admission was 30 cm. of saline. The circulation time (arm-to-tongue, 
using calcium gluconate) was 43 seconds, and the vital capacity was 2.25 liters. 

Clinical Course . — The patient was given digitalis and, later, squill (IJrginin). He 
continued to complain constantly of severe nausea, and vomited frequently. The pulse rate 
never fell below 11(5 per minute, and he continually had a pulse pressure of only 10 to 20 
ram. of mercury. 

On April 10, 1943, all oral medicjitions except sedatives were, discontinued without change 
in the patient’s condition. On April 17, he began to sliow pitting edema over Iris sacrum, 
and, on April 19, of his ankles. Because there was evidence of ascites, abdominal para- 
centesis was performed; this yielded only 100 c.c. of thick yellow fluid, which congealed within 
fifteen minutes. The specific gravity of this fluid was 1.014. 

Tlie patient began to expectorate bright red blood on April 23, and, on April 25, 
•his temperature rose to 3S.5 C. The blood pressure had fallen slowly since admission, and 
was llG/100 at this time. The next day he complained of pain in the right side of his chest, 
and showed marked tenderness to percussion over the right hemithorax anteriorly from the 
costal margin to the p)recordium. Bales had been heard over the lower lobe of the right 
lung, and signs of consolidation appeared in that area. A diagnosis of infarction of the 
lung was made because of signs of consolidation plus marked tendeimess over the area.i'i 
Salyrgan and aminophylline were given intravenously without effect. 

Because of the persistent nausea and vomiting, fluids were given parenterally, with 
large amounts of thiamine hydrochloride and liver extract intramuscularly. The nausea and 
vomiting were constant complaints. At times the patient became quite irrational. Belief 
was obtained only by sedatives. 

On April 27, 1943, he became unable to void, and catheterization was necessary. Edema 
had become severe, but the lungs were relatively clear except for the signs of consolidation 
in the lower half of the right lung. 

On the morning of April 29, 1943, tlie patient’s pulse became small and rapid, and 
the blood pressure was imperceptible. He was irrational, covered with cold clammy sweat, aiid 
presented a picture of peripheral and central circulatory collapse, ■with p)ulraonary edema. 
Only terminally did the patient develop any orthopnea; until then he was able to lie rela- 
tively flat in bed without respiratory distress. The pulmonary edema became more severe, 
and the patient died at noon on April 29, 3943. 

The autopsy observations were as follows: The peritoneal and right pleural cavities 
contained, respectively, 1,350 and 700 c.c. of straw-colored, clear fluid with a specific gravity 
of 1.015. Several infarcts were found in the lower lobe of the right lung, and ante-mortem 
blood clots occluded the lumina of the pulmonary arteries which supplied these areas. The 
liver, which weighed 1,050 grams, was congested. The heart weighed 450 grams. The 
chambers of the right side were dilated, and the wall of the left ventricle was hypertrophied. 
The homogeneous gray color of the subendothelial tissue of the left ventricle was in striking 
contrast to the reddish-brown color of the inner surface of the right ventricle. A mural 
thrombus 2.5 cm. in diameter was attached to the left anterior wall, and the musculature 
in that area was softened and dark bra's™ in color. Section of the left ventricular wall re- 
vealed m thin subendothelial zone and extensive patchy areas of fibrosis involving especially 
the interventricular septum and the posterior wall. Examination of the coronary arteries 
revealed numerous atherosclerotic plaques which had produced varying degrees of harrowing 
of the lumina of these vessels. The right main coronary artery contained a fresh thrombus 
which completely occluded its lumen 2 cm. from its orifice at the sinus of A’’alsalva. 

On microscopic examination, the kidneys, adrenal glands, pancreas, and myocardium 
showed marked arteriolar sclerosis. The mural thrombus was ui an early phase of organi- 
zation. The subendothelial tissue of the myocardium was swollen and hyalinized. Focal 
areas of fibrosis of variable maturation, and acute and chronic inflammatory reactiorrs were ■ 
evidence of repeated occlusions of small branches of the coronary arteries. The older and 
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ever, and, in- addition, the patient received enormous amounts of vitamin B 
complex intramuscularly, and thiamine hydrochloride in doses of 100 to 200 
mg., intravenously, on many occasions. 

Hatcher and Weiss® found that substances formed in the body in disease 
may raise the excitability of the vomiting center to a level where afferent im- 
pulses which are ordinarily of subliminal value may initiate the reflex. Since, 
however, vomiting is rare in eases of severe anoxia due to chronic pulmonary 
disease, as well as in those with severe “forward failure” due to constricted 
Jiearts, it seems unlikely that in this ease the above mechanism was of major 
importance. 

From the necropsy notes and photomicrographs (Figs. 1, 2, 3, and 4) it is 
apparent that the essential abnormalities were limited to the myocardium, and 
in this case we believe the protracted nausea and vomiting Avere due to the 
extensive myocardial disease per se, acting through the same mechanism which 
is responsible for the emesis produced by digitalis and which, as Hatcher and 
Weiss' have shown^is initiated bj- a reflex from the myocardium. 



Fig. 4. — High-power photoiniciograph showing acute nijocardial degenciation. 


f’orrelating the clinical and pathologic data, we assume that the follow'ing 
events took place : Initially, a patient with severe hypertension suffered coronary 
thrombosis from which he largely recovered. Subscfiuenlly, he developed another 
occlusion with a fall in blood pressure. Previously existing vascular disease 
and extensive myocardial damage combined to iiroduce forw'ard failure of the 
circulation brought about by the combination of deficient cardiac output, low 
arterial pressure, extremely low pulse pressure, myocardial anoxia due to low'- 
grade coronary in.sufficiency, and further thrombosis of small coronary artery 
radicals. From this point a vicious cycle was set up, and the patient dcA'eloped 
other smaller infarctions Avhieh led to still further coronary artery insufficiency. 
This combination of factors resulted in generalized myocardial anoxia. Finally, 
pulmonary infarctions developed which imposed an additional load on the badly 
Weakened myocardium, resulting in terminal pidmojiaiy edema. 

ft is our Ixlicf that such a .slowly progressive cycle of events w'as the cause 
oj the piotractcd uastiointestina! symptoms in this ea.se; we further believe 
tuat the syndrome is not of infrequent occurienee, for the reports of otiier 
authors tor e.\ample, Brnith and hhirtlp® — are not unlike this case in many 
r'^siiccts. 
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of myocardial scarriug. At the edges 
^*v. _-ages of degeneration. The lumen of the 

pletely obliterated by subendothelial connective tissue deposits. 


TOg, 2. — ^An area of myocardial scarring. At the edges of the photomicrograpli, the 
cells lire in VcLryiug" sta.o®s of degenerc-tion. The lumen of the smcill nrtery is almost com- 



Fig. 3. — In this photomicrograph, made of a section through one of the myocardial in- 
farctions, degenerating myocardial fibers are seen together with endocardial thickening and 
mural thrombosis. 



CORONARY OCCLUSION IN INDUSTRY 


A Study op Eighty-Pour Cases With Reference to Subsequent 

Employability 

Eugene B. Levine, M.D., and Edward Phillips, i^E.D. 
Oakland, Calip. 


PURPOSE OP STUDY 

T here has been a definite umvillingness on the part of large industries to 
employ persons wiio are known to have arteriosclerotic heart disease or to 
have had myocardial infarction. This is evidenced by the employment criteria 
of the Eastman Kodak Company. Ci'ain^ states that, in 1934, this company 
lield that a diagnosis of arteriosclei’otic heart disease disqualified any man for 
employment. Although it is important that employers he properly safeguarded, 
it is equally important that persons who have recovered from myocardial in- 
farction should be returned in so far as po.ssible to a useful and productive posi- 
tion in society. Above all, they should not become dependent by reason of ill- 
ness unless it is shown that the illness actually impairs their productive value. 
This is always important, partieulaidy at the present time, when the armed 
forces are making a tremendous demand on man power, and industry must 
utilize all available workers. 

More recently many industries have taken a less stringent view. This is in 
line with published studies indicating that satisfactory functional recovery fre- 
quently follows myoeai-dial infarction.^ 

Although there are many impressions relating to the suitability or uusuit- 
ability of such persons for various types of work, there are few facts based on 
actual study of industrial performance. In a recent symposium on the work- 
man’s heart,® it was obseiwed that the literature contained many generalities on 
the subject, but that the need was for a formula for physicians to work on. 

This study was undertaken as a step toward providing such a formula. 
The questions we seek to answer are: What proportion of persons wJio 
sustain coronary occlusion with myocardial infarction return to gainful employ- 
ment? AVhat sort of work do they do? IIow long do they do it? Why do 
they stop? If they don’t x-eturn to work, why don’t they? 


:materials and :method 


Eighty-four employees of the KaLser .shipyards, with a total of ninety- 
seven infarctions, were .studied. No ca.se.s of myocardial infarction after Dec. 
ol, 1043, were included. Eleven patients had two separate myocardial infarc- 
tions, and one patient liad thi-ee. The period of observation teianinated April 
30, 1944. 


Ca.ses for study were chosen b^^ reviewing all of the electrocardiograms in 
t u. fdo.s of the Pennanente Foundation Hospital. The occurrence of myo- 
uudml inlaretion was confirmed by subsequent perusal of the case histories. 
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SUaiMARY 

The condition presented involves a patient who, after coronary occlusion, 
developed heart failure, the primaiy symptoms of which were nausea and vomit- 
ing, and in whom the significant pathologic changes were multiple areas of 
myocardial fibrosis. As a result of the experiences with this and other similar 
eases and a review of the literature, the following conclusions are drawn : 

1. When nausea and vomiting are dominant symptoms in a case of heart 
failure, one should consider as possible factors not only drugs, congestion of 
the abdominal viscera, and disorders of the blood metabolites (such as occur 
in uremia) , but should also entertain the possibility that progressive myocardial 
disease may be the cause of the symptoms. 

2. The mechanism of the nausea and vomiting induced by progressive myo- 
cardial disease is believed to be analogous to that caused by digitalis, which has 
been shown to be due to a reflex arising in the heart itself. 

3. When coronaiy tlu’ombosis occurs in a patient with pre-existing narrow- 
ing of the smaller coronary arterial branches, a vicious cycle may ensue; the 
decline in cardiac output and small pulse pressure lead to further coronary in- 
sufficiency and progi'essive myocardial fibrosis, which bring about a further de- 
crease in cardiac output and perpetuation of the cycle. 

4. In cases of heart failure in which there is a small pulse pressure with a 
high diastolic pressure, the outlook is poor because of the factors outlined. 
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Of the twelve patients with symptoms of congestive failure, tw'o were work- 
ing ami ten -were not. From this it appears that congestive failure after myo- 
cardial infarction is a more disabling complication than angina pectoris. 

Of the thirteen patients "with mild degrees of both angina pectoris and 
congestive failure, seven were working and six were not. 

Thus, in summary, twenty persons with angina pectoris, congestive failure, 
or both in mild degree continued to wmi-k after reeovei-y from myocardial in- 
farction. It ■svould appear that these secpielae, wlien sufficiently mild, are com- 
patible with continued employment. The two patients Avith auriculoventricular 
heart block and cerebral thrombosis did not return to work. 


T.mLE Iir. IXDUSTniAL St-vtus op Thirty AVoukino Sukvivors (43 Per Cent op Tot.ve 

SuKvivor.s) 



NUMBER OP PATIENTS 

percentage op TOTAE 
SURVIVORS 

Working at same job 

ly 

27 

Manual labor 

15 


Sedentary Avork 

4 


AYorking at different job 

11 

IG 

Lighter physical work 

0 


Sedentary ivork 

5 



Table III summarizes the industrial status of the thirty survivors who 
were working at the end of the survey pei*iod. This group constitutes 35.7 per 
cent of the total number of patients and 43 per cent of the survivors. Nineteen 
of these patients returned to the same job which they held prior to myocardial 
infarction. Eleven returned to a different, lighter job. Thus, 27 per cent of 
the survivors Avere Avorkiug at the same job they had previously held at the end 
of the survey period, and 16 per cent Avere Avorking at a lighter job. Of those 
Avho returned to their old jobs, fifteen returned to manual labor and four re- 
turned to sedentary AA’ork. Of those Avho returned to lighter Avoxk, six returned 
to lighter physical Avork and fiA'e accepted sedentary positions. Table I should 
be compared at this point Avith Table III. 

Of the sixty-five patients Avhom aa'c studied Avho Avere doing manual labor, 
fifteen, or almost one-fourth, returned to manual labor. Of the nineteen pa- 
tients Avho Avere doing sedentary AVork, only four, or about one-fifth, returned 
to it. Omitting altogether those pei-sons Avho returned to lighter AVork, Avhich 
Avould tend to Aveight the balance even more in faA’'or of those previously doing 
manual labor, it is our observation in this relatively small series of cases that 
persons doing manual labor haA'e at least as good a chance of returning to their 
old jobs, and certainly as good a chance of retui-ning to some remunerativ'e occu- 
pation after recovery from myocai’dial infarction, as do those persons doing 
sedentary AVork. 


Table iV’ summarizes the industrial history of the fifty-four patients avIio 
were not working at the end of the sur\'ey period. This includes the fourteen 
who were dead and the forty living but not employed. 

Eight patients died Avithin four Aveeks after the first myocardial infarction, 
a niortaliiy rate of 9.5 pej. cent. This figure is not significant because it ob- 
Aiou:5kv doe.s not indicate the mortality rate of coronary occlusion Avith^myo- 
tau ial infarction. The only cmses included in our .study were those in Avhich 
t a* p.itient .survived long enongh to have an electrocardiogram taken, or those 
m which the patient had myocardial infarction at some time Avhich Avas not 
immediately recognized or diagno.sed, and Avas recognized later by electro- 
cardiographic study and a recheek of the historv. 
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Table I. Type op Work op All Patients Bepoee Myocardlvl Ixparction 

Manual labor 65 patients (75%) 

Light or sedentary work 19 patients (25%) 


The average period of observation after the occurrence of myocardial in- 
farction was 11.7 months. “ 

The incidence as to sex, race, and age was not remarkable. 

The occupational classification was most interesting (Table I). Sixty-five 
patients, constituting 75 per cent of the series, perfoimied manual labor. Only 
nineteen patients, or 25 per cent, could be classified as performing other than 
manual labor. This is particularlj^ significant because other studies'*’ ^ have 
been made on groups which were constituted mainly of “white collar,” busi- 
ness, and professional people. 

Follow-up study included both clinical observation and employment history. 


RESULTS 

Medical . — Fourteen of the eightj^'-four patients died during the period of 
study. Niue of these died immediately (within four weeks of infarction), 
which is an immediate mortalit>' rate of 9 per cent for the ninety-seven in- 
farctions. 

Table II summarizes the medical status of the sevent}^ surviving patients. 
Only twenty patients, a little more than one-fourth of the survivors, made a 
complete symptomatic recoveiy. Twenty-three patients, a third of the sur- 
vivors, had subsequent angina pectoris. Twelve patients had congestive failure. 
Thirteen patients had mild degrees of angina pectoris, as weU as congestive 
failure. There was one ease of complete auriculoveutricular block and one of 
cerebral thrombosis. 


Table II. PPsESent St.\tus of Seventy Surviving Patients 


MEDiaVL STATUS 

WOiaONG 

NOT 

WORKI.N'G 

NU.MBER 

OF CASES 

PERCENT- 
AGE OP 

TOTAL 

Complete symptomatic recovery 

10 

10 

20 

28.6 

Angina pectoris 

11 

12 

22 

32.8 

Congestive failure 

2 

10 

12 

17.1 

Angina pectoris and congestive 
failure (mild) 

7 

6 

1.3 

18.6 

Complete A-V block 

0 

1 

1 

1.45 

Cei-ebral thrombosis 

0 

1 

1 

1.45 

Total 

;:J0 

40 

70 

100.0 


Employment . — With regard to the employment status of the seventy pa- 
tients suiwiving at the conclusion of the study (April 20, 1944), Table II indi- 
cates that twentv were worlriug and forty were not.- 

Of those patients who made a complete symptomatic recovery, ten were 
working and ten were not. Of the ten persons in tliis category who were not 
working, nine were unemployed because of personal reasons oi’ some unrelated 
illness. Of the ten who continued at work, three went to lighter work, but 
seven returned to the same job they were doing before myocardial infarction. 

Of the tw’enty-three patients who sutfered from some degxee of angina pec- 
toris alone, eleven w'ere wmrking and twelve were not at the end of the period 
of observation. This is superficially comparable to wdiat occurred among those 
wdio made a complete symptomatic recovery, but in this gi’oup those who were 

not employed were not working because of the angina-, pectoris from wdiicltithev 
suffered. . 
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mure tlian one year. Of the eleveji patients in our series Avho had two luyo- 
eardial infarctions, four returned to woi*k after the second coronary occlusion. 
One worked eight months, and was still working at the end of the. survey. Two 
otJiers had woi'ked a few months and were still employed, and one had had to 
stop after almost a year. 

Of particidar interest is the fact that ten patients worked through the 
critical period after coronary occlusion; they took less than one week off for 
the acute illness, which, for one reason or another, was not promptly diag- 
no.sed. Idost of these did not consult a phj'sieian at all. The observation that 
some j)eople are able to continue their normal activity, even though it is 
strenuous, in .spite of the occurrence of acute myocardial infarction is not 
new. It is to be expected that, if the ai-ea of myocardium aft’ected by the in- 
fju’ction is small enough, cardiac function will not be seriously impaired, and 
normal activity can be continued in spite of mild or even moderate discomfort. 
Recovery may be expected in some, if not in all, such cases. The occurrence 
of ijainless myocardial infarction is recognized, and French and Dock'-’ report 
the ease of a young soldier Avho Avas able to carry on tlie duties of an active 
military life Avithout apparent distress in spite of extensive myocardial in- 
farction Avith mural thrombus formation. 

COAI-AIEXT 

Tlie relation of coronary occlusion to eft'ort or indu.stry is subject to some 
disagreement, particularly legal. Medical opinion, as expressed by Willius^® 
and Master and Back,® is that there is no causal relationship. Master and 
Daek,^ after reAueAving the histories of four hundred fifteen patients Avho survived 
acute coronary occlusion Avith myocardial infarction, concluded that the inci- 
dence of heart failure, subsequent infarction, or subsequent death Avas not any 
greater among those aa'Iio returned to Avork than among those aa’Iio did not. 

In our series of patients it is to be expected that several avIio have not yet 
returned to AVork Avill do .so in the future. Naturally, some Avho are Avorking 
now Avill drop out, but, as those pre.sently employed continue to Avork, tlie aver- 
age duration of employment after myocardial infarction can be expected to rise. 

It is certainly not to be expected that eA'ery employed person Avho suffers 
acute coronary occlusion Avith myocardial infarction, and siuwives, Avill x'ecover 
sufficiently to retura to AVork, but it is apparent that many do recover to such 
a degree that retura to full activity may be permitted Avithout the occurrence of 
any symptoms or fear of shortening life or precipitating a second coronary oe- 
eliLsion. ila.ster, Back, and Jaffe” I'eport that, in a series of tAA'O hundred tAvo 
patients aa’Iio AA'ere foIloAved for tAVO to eight year.s, 33 per cent made a good 
recovery, and 50 per cent returned to AA'ork, ALsually at full time. 

After ample time has been alloAA’cd for full recOA’ery and the formal ion of 
a linn scar, tho.se patients Avho are .symptomatically aa’cH enougli should he i)er- 
mitted to re.Hume employment under adequate medical supervi.sion. The AA'ork 
they are permitted to do .should be limited only by their cardiac reserve, or, in 
other Avords. their ability to perfoi’m their t:Lsk.s Avithout uiitoAvarfl .symptoms. 
Arbitrary standards governing the t.vpe of A\’ork permitted for persons Avho 
have bad myocardial infarction cannot be .set nj). lint in tbo.se industries in 
which medical .supervi.sion of certain gronp.s of patients is available, the jih.vsi- 
ciun can. AA'ith rbe cooperation of the employer, return many .such persons to 
productive labor. 
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Table IV. Industrial History op Fifty-Four Nonworking Patients (64.3 Per Cent op 

Total Patients) 





PER- , 




NUilBEB 

CENTAGE 

AVERAGE TIAIE 



OP 

OF 

AVORKED AFTER 



PATIENTS 

TOTAL 

PATIENTS 

FIRST OCCLUSION 

Died Avitliin four weeks of first myocardial 


8 

9.0 


infarction 





Returned to AVork, but did not continue 


26 

31.0 


Avork, because of 

A. Chronic cardiac disability 

15 



10 Months A 

B. Second myocardial infarction 

C. Sudden deatli AAdtliout coronary 

5 

(2 deaths) 


22xMonths ( 13 Months 

occlusion 

1 



11 Months J 

D. Nonmedical reasons 

5 




Failed to return to AA’ork because of 


20 

23.8 


A. Chronic cardiac disability 

14 




B. Unrelated fracture 

C. Death more than four AA-ecks after 

1 



' 

infarction 

o 

o 




D. Advice of physician 

1 




E. Nonmedical reasons 

1 





Twenty-six patients returned to work, but did not ebntinue. The reasons 
are listed in Table IV. The great majority of these were unable to continue 
at work because of some cardiac disability. In three instances death ter- 
minated the work period. In eighteen, symptoms of heart disease were re- 
sponsible for stopping work. Only five of these failed to continue because of 
noumedical reasons. Of the twenty-one patients who returned to work, but 
were unable to continue because of cardiac disability of some sort, the average j 
period of employment was thirteen months. The work period Avas longest j 
among those who Avere forced to discontinue Avork by the occurrence of a j 
second myocardial infarction, but, since this group is quite small, no conclu- | 
sions can be draAvn. 

TAventy patients Avho survived more than four Aveeks failed to resume AVork 
after coronary occlusion Avith myocardial infarction. The majority of these I 
(fourteen) continued to have disabling cardiac symptoms. The deaths of 
three patients oceun-ed late, i.e., more than four Aveeks after the occurrence of 
acute myocardial infarction. One patient recovered from the symptoms of 
cardiac insufficiency, but Avas unable to return because of a fractured ankle, 
Avith complications. One patient failed to return to Avork because of non- 
inedieal, personal reasons, and in only one case Avas a patient AAffio recovered 
from sjunptoms of cardiac disability advised by a phj^sieian not to resume 
work. jNis a result of this advice, the patient did not request re-employment. 

Analysis of the group of twenty patients Avho remained unemployed jus- 
tifies the inference that, in this series of patients, a desire to return to work 
or the necessity of doing so Avas ahnost universal. Nineteen of the tAventy pei*- 
sons Avho did not resume Avork after their first coronary occlusion failed to do 
so because of medical reasons, arid in only one instance was a nonmedical, pei*- 
sonal reason responsible for failure to return to some soii; of Avork. Specu- 
lation as to Avhether so many AA'ould have tried to Avork if their income Avere 
other Avise assured is aa an anted, but the fact that these persons AA'ere almost 
forced to try to earn a living makes observations regarding their ability to do 
so more, reliable. 

Of the entire group of fifty-six patients aaTio returned to Avork after 
their first myocardial infarction, eighteen, or 32 per cent, Avere able to continue 
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without discomfort, Avith tiie restriction that such a person should not be per- 
mitted to take a job in Avhich his sudden collapse iniglit endanger his safetj^ 
or tlie safety of otliers. 
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THE RELATION OF RESTING HEART RATE TO THE INCREASE IN 

RATE DUE TO EXERCISE 

W. W. Tuttle, Ph.D., and Eliz.-vbeth Poaa^ell Salit, Ph.D. 

Iowa City. Iowa 


I T HAS been frequently assumed that there is a high positive correlation be- 
tAveen resting heart rate and increase in rate due to exercise. During the 
course of experiments dealing Avith the reliability and validity of cardiovascular 
measures, it Avas ob.served that, as a rule, there Avas little or no relationship be- 
tween resting heart rate and increase due to exei*cise. 

Although no published reports Avere found in AAdiich resting" heart rate Avas 
correlated Avith increase in rate due to exercise, data Avere found Avhich Avere 
suitable for investigating tliis point. Jokl, et al.,’ studied numerous physiologic 
lesponse.s of thirty-tAvo JSouth African recruits OA’'er a tAventy-four-Aveek physical 
tiaining period. Their data included resting heart rates and postexereise heart 
lates obtained before the program began and at six-Aveek intervals tliroughout 
the tiaining period. The exercise Avhich Jokl employed Avas forty knee bends 
performed in one minute. These data Avere adapted to our purpose by sub- 
tract mg the re.sting heart rate from the postexercise count. Coefficients of cor- 
rc ation '^cie calculated for resting heart rate and increase in rate due to the 
t.vucist 01 each interval at Avhieh data Avere secured. Fwe correlations Avere 
0 ainet . eginning, -0.411 ; six Aveeks, -0.185 ; tAvelve Aveeks, -0.394; eighteen 
Aveeks, -0..3/1 ; twenty-four weeks, -0.484. In each instance it is seen that the 

correlation between resting heart rate and increase in rate due to exercise is 
negative. 


Department of Pliysioloirv- 
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It is the responsibility of the physician who is guiding the eonvaiesceuce of 
his patient to return him, if possible, to productive work. Since it is difficult 
to train many people, particularly those who are doing manual labor, for an 
entirely different type of work, and since the number of sedentaiw jobs avail- 
able is limited, considerable encouragement can be derived from the observation 
that many persons are able to return even to manual labor. Optimism regard- 
ing the work prognosis of such persons is warranted when it is seen that S5nnpto- 
matie recovery and an approach to normal functional capacity are proceeding 
satisfactorily. 

The possibility of the occurrence of sudden death among persons who have 
angina pectoris or arteriosclerotic heart disease indicates some restriction as to 
the type of jobs these emploj'ees maj'' be assigned. It would be unwise and un- 
safe to allow such a person to hold a position in which sudden failure of one 
man might endanger the life or safety of others. It would also appear unwise 
to permit such a person to engage in an occupation in which sudden collapse 
or pain might result in harm to him, either by a fall or by loss of control of 
machinery. 

suiiar.ARY 

Eighty-four patients who had ninety-seven myocardial infarctions before 
Jan. 1, 1944, were studied, of whom 75 per cent were manual laborers. . The 
period of study ended April 20, 1944. 

The average period of observation was 11.7 months. 

Pifty-six patients (66.6 per cent of the total, and 73.7 per cent of those 
surviving four weeks) retuined to work after myocardial infarction. 

Thirty patients (43 per cent of the survivors and 35 per cent of all ob- 
served) returned to work and w’ere still working at the conclusion of the period 
of study. 

Of these, nineteen retmmed to the same type of work they were doing be- 
fore infarction occurred. 

Eleven of them returned to lighter work. 

Neither angina pectoris nor slight congestive failure nor mild degrees of 
both prevented twenty patients from returning to gainful employment. 

Only twenty (23.8 per cent) of our patients made a complete symptomatic 
recovery. 

The probability that manual laborers may be able to resume their fonner 
employment after myocardial infarction appears to be no less than for seden- 
tary workers. 

Twenty-six patients (31 per cent of all observed) returned to gainfid em- 
ployment, but did not continue. Of the twenty-one who were disabled by 
arteriosclerotic heart disease, the average time worked after myocardial infarc- 
tion was thirteen months. 

Twenty patients who sur\nved the initial critical period failed to return 
to work, eighteen because of heart disease. 

Eighteen patients (32 per cent of those retimiing to work) were able to 
work more than one year after recovery from acute myocardial infarction. 

CONCLUSIONS 

The diagnosis of coronary occlusion with myocardial infarction should not 
of itself disqualify a man for employment or re-employment, even in a heavj* 
industiT or at manual labor. Subsequent emplojonent .iliould depend upon the 
cardiac reserve after recovery, or the ability of the patient to perform his work 
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T\Hrr r The Effect op the Stkentoosness op Exeecise on the Cokueeation op Kestinc 
IIeakt Rate With Inckease in Rate Due to Exeuctne 


subjects 

exercise 

COEPiTCIENT OP CORKELVTION BETWEEN 
RESTING RATE AND INCREASE DUE TO EXERCISE 

20 inea 

CO rer./min. 

0.281 

IS jaeu 

maximum /2 min. 

-0.731 

‘10 women 

40 rev./min. 

0.012 

■10 women 

(iO rev./min. 

-0.258 

31 women 

maximum /2 min. 

-0.4()0 


suit ill a positive coefficient. This idea was tested by having a group of forty 
women I’ide tlie bicycle ergometer at a rate of onlj’’ forty revolutions per minute 
for one minute. In this experiment the coefficient of correlation between rest- 
ing heart rate and the increase caused by the exercise was found to be 0.012, as 
compare to -0.258 for moderate exercise and -0.460 for strenuous exercise. 
The.se data further supiiort the idea that the size and sign of the correlation be- 
tween resting heart rate and increase in rate caused by exercise depend on the 
strenuousness of the exercise. 

In seeking an explanation for the variability in the sign and size of the 
correlation between resting heart rate and increase in rate due to exercise, the 
way by which the resulting increase in minute volume is brought about must 
be considered. Strenuous exercise is a relative term, and from the standpoint 
of the individual, what is strenuous depends on his capacity to do work. It is 
generally recognized that, as capacity to do work increases through physical 
training, the resting pulse rate is reduced and the stroke volume is increased.* 

Since this is true, the person in good condition, Avith a lower resting heart 
rate than those in poorer condition, wdll experience less increase in heart rate 
when he performs a moderate amount of exercise because he makes greater use 
of increased stroke volume in adjusting to the exercise. Thus, the results ob- 
tained from groups of persons of vaiyuig degrees of physical fitness doing 
moderate exercise show a positive correlation between resting heart rate and in- 
crease in rate due to exercise. 

In order to explain the negative correlation betiveen the resting heart rate 
and increase due to strenuous exercise, let us assume that the exercise is suffi- 
ciently .strenuous to cause the heart to reach its maximum rate, Asdiich is approxi- 
mately the same for eveiyoue. The re.sult is that the person with the lowest 
heart rate has the greatest increase, and the one Avith the highest resting rate 
Avill experience the least increase in rate because of the Avork. Under these con- 
ditions there is a negative correlation between resting heart rate and increase 
due to exercise. 


Evidently, the correlations presented in Table I can be explained by the 
<h'gree of .stremiou.sne.ss of the exerci.se Avhich the A’arious subjects perfonned. 
The men inv'oh'ed in the experiments Avere heterogeneous Avith regard to capac- 
ity to do Avork. For the majority, sixty pedal i-evolutions per minute for one 
minute Avas evidently quite moderate, but for others this Avork Avas more strenu- 
ous. file result Avas a small positive correlation betAveen resting heart rate and 
inerease in rate due to the exercise for reasons mentioned. When the men per- 
lormed inaxinuun Avork for a period of tAvo minutes, the Avork Avas unquestion- 
abh t>tivimou.s for all, and the result was a high negative correlation. Forty 
pedal revolution.s pm- minute for one minute proA^ed to be quite moderate for' 
the niajority of the women, but more .strenuous for some of them, depending on 
their caiiaeity to do AVork. The re.sult warn a low positiA'c correlation. Si.xty 
pt-da! n-volutioii.s in n minute A\a.s evidently rpiite strejiuous for the majority of 
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Also, data collected from .five Imndred forty-four , college men relative.. . 
to the response of the heart to exercise were available in our laboratory. The 
exercise employed was forty stool-steps per minute for one minute. The post- 
exercise heart rate had been obtained by counting the number of beats for a 
period of two minutes immediately after the exercise. The increase in rate due 
to exercise was found by subtracting twice the resting rate from the postexercise 
count. Iii the ease of this group of men, the coefficient of correlation for rest- 
ing heart rate and increase due to exercise was found to be 0.203. 

In order to obtain additional information coneeriiing the relation of resting 
heart rate to increase in rate caused by exercise, data were collected from twenty 
college men and forty college women. To increase the reliability of the values 
obtained from each person, each subject came to the laboratory four times, at 
weekly intervals. Each time, after the resting heart rate was established for 
the subject in a recumbent position, he or she rode a bicycle ergometer at the 
rate of sixty revolutions per minute for one minute. The work performed was 
1,500 kilogram-meters. As soon as the work was completed the subject resumed 
the reclining position. The increase in heart rate dne to the exercise was found 
by subtracting the resting rate from the j)ostexereise rate. The mean values 
for the four experiments were used in establishing the resting rate and the in- 
crease due to exercise. When these values were correlated, a coefficient of 0.281 
was obtained for the men ; for the women the coefficient was -0.258. 

As shown by all of these experiments, there is obviously a variable rela- 
tionship between resting heart rate and increase in rate due to exercise. It is 
of interest that, in the case of the college men, the correlation is positive, where- 
as, for women doing exactly the same kind and amount of exercise, it is negative. 

It occurred to us that the explanation of this situation might be that the rela- 
tion existing between resting heart rate and the increase caused by exercise is 
influenced by the strenuousness of the exercise. It might be supposed that sixty 
revolutions of the bicycle per minute for one minute was relatively strenuous 
for the women, with the result that there was a negative correlation between 
resting heart rate and the increase caused by the exercise. In the case of 
the men, it might be that the positive correlation was associated with the fact 
that sixty pedal revolutions on the bicycle for one minute constituted com- 
paratively moderate exercise. 

In order to gain further information relative to the effect of the strenu- 
ousness of exercise on the nature of the response of the heart to exercise, addi- 
tional experiments were carried out. Eighteen of the twenty college men and 
thirty-one of the forty college women used in the previous experiment were 
available. They were asked to perform exercise which was unquestionably 
strenuous. After a resting heart rate was established, each subject rode the 
bicycle ergometer at top speed for two minutes. Immediately after the exercise 
the increase in heart rate caused by the work was calculated as in the previous 
experiment. In the case of the men, the coefficient of correlation between rest- 
ing heart rate and increase in rate caused by the exercise wa.s found to be —0.731, 
as compared to 0.281 for the milder exercise (Table I). For the women in this 
expeinnent the coefficient was —0.460, as comj)ared to —0.258 for the less strenu- 
ous exercise. These results confirm the belief that tlie more strenuous exercise 
is, the more negative the coefficient of correlation' between ' resting heart rate 
and increase due to the exercise becomes. 

It is reasonable to suppose that, if the more strenuous exercise causes the 
correlation described above to become more negative, light exercise should re- 
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funii-slied not only valuable statistical information, but also unexpected view- 
pointsd Among tliese lias been the realization that bacterial endocarditis of 
both the acute and subacute varieties is far less rare in old persons than we had 
heretofore realized. We have collected from the clinical records of the llledical 
Services and from the protocols of the Pathologic Laboratory, covering ten years, 
the following groups: acute bacterial endocarditis, nine eases in patients ranging 
from 60 to SO years of age; and subacute bactei-ial endocarditis, eighteen eases in 
patients ranging from 60 to 87 years of age. The age of 60 has been taken as a 
minimum, partly as an arbitraiy, convenient point of reference and partly be- 
cause by that time all peisons shoAV definite evidence of aging, although this 
process begins earlier in life and often is well developed before this period. The 
present contribution will be limited to a consideration of the eases of acute 
bacterial endoearditis.- 


UTICRATURE 


In 1843, Graves^ reported the occurrence in a 66-year-old man of acute 
endocarditis involving a bicuspid pulmonary Amlve. The observations of Winge* 
and Heiberg^ e.stablished the bacterial nature of the condition, which was further 
clarified by Osier’s “Goulstonian Lectures. Lenhartz," in liis famous Avork on 
sepsis, published in 1903, discussed the age incidence of “septic endoeai’ditis”; 
he pointed out that persons of all ages participate, and that the period of greatest 
frequency is betAveen 20 and 50 years of age, but he had seen three eases in 
persons betAveen 10 and 20 years, and on the other hand, four cases in pei’sons 
from 60 to 70 years of age. 

Thayer’s classic study® contains a Amluable statistical analysis of the age 
incidence of the A'arious foims of bacterial endocarditis. “A eoirsiderable ma- 
jority of the gonorrheal series occurred in individiials betAveen 20 and 30, AA'liich 
corresponds, probably, fairly aa^cII to the period of greatest promiscuous sexual 
aetiA'ity. The curve in our small influenzal series reaches its peak in the third 
decade. One-half the patients AA-ere under 30 ; one-half betAA'een 30 and 60. In- 
fluenzal endocarditis preA’ailed in early and middle adult life. Streptococcal 
endocarditis, AA'hile occurring at all ages prcAmiled in middle adult life. The 
curA'e for viridans endocarditis reached its peak in the third decade, that for 
acute streptococcal endocarditis in the fourth. The age cuiwe of pneumococcal 
disease of the heart, on the other hand, is different. The rise begins in the third, 
reaching its peak in the fifth decade. Oa'ci* 60 per cent of the patients in the 
pneumococcal series AAmre over 40 years of age ; 32 per cent OA'er 50. Pneumo- 
coccal endocarditis Avas a disease of middle and later adult life. Staphylococcal 
(aureus) infections, AA'hile prcA-ailing under the age of forty, Avere met AA'ith 
more or less indifferently throughout life.” 

White," in his textbook, makes the broad generalization: “Acute bacterial 
endocarditis may occur at any age from infancy to old age.” Hei'rmann*® is 
more explicit: “Secondary type of acute bacterial cndoearditLs, commonly en- 
countered in the presence of definite septic focus . . . may occur in any age group, 
more commonly in adults and middle-aged pei’sons and less often in the aged and 
infants.” 


Sevcnil recent reiiorts on acute bacterial endocarditis bear on the question 
o{ age incidence. In Iiucg.segger’s" report on pneumococcus endocarditis, four 
cii-'cs in ]):Uicnts over 00 years old ai'c included, lie points out that, AA'hercas 
•tU per cent of aill of hi.s patients Avith pneumococcus infections Avere beloAv the 
aee uf 40 years, bO j)er cent of the emlocarditis gi'oiq) aa'cic beyond this limit. 
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the women, and the result was a low negative correlation. AVhen the women 
worked at maximum power for >vo minutes, the exercise was very strenuous 
and the result , was a higher negative correlation. 


' CONCI.USIONS 

The size and sign of the coefficient of correlation betw'een resting heart 
rate and increase in rate due to exercise depend on the strenuousness of the 
exercise. 

A group of persons w'hose phj'sieal condition varies from x^oor to goodj 
doing mild or moderate exercise, wall give either a small negative or a small 
XDOsitive correlation, depending on Avhieh tyiie predominates. If the majoritj’’ 
of them are in good physical condition, the result will be a small positive co- 
efficient of correlation. If the converse is true the result wall be a small nega- 
tive coefficient. 

Strenuous exercise results in a high negative coiTelation betw'een resting 
heart rate and increase in rate caused by exercise. This is due to the fact that 
every person in the group approaches the maximum rate, so that those wdth the 
low'^est resting rate experience the greatest increase, whereas those wdth higher 
rates experience less increase. 
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ACUTE BACTERIAL ENDOCARDITIS IN THE AGED 

Frederic D. Zeman, M.D., and Sheppard Siegal, M.D. 
New York, N. Y. 


introduction 

T he increasing number of men and w^omen wdio attain advanced age has jiro- 
duced a. complex series of social, economic, and medical iiroblems. The neces- 
sary awmreness of physicians is reflected in the growing list of publications on 
the medical aspects of old age. It is becoming apparent to the practitioner that, 
wdth the decrease in the incidence of acute infections among young people, to- 
gether Avith improved therapeutic methods, an ever growing iiroiiortion of his 
patients ivill have passed the ages of 50 and 60 years. This situation calls for 
careful clinical ei^aluation of disease iiietiires in the aged in terms of present- 
day medicine. The study of senescence, as well as the diagnosis and treatment 
of disease in the aged, is a natiu-al function of the internist. The ivord 
geiiatiics, coined in 1914, b}^ Nascher, **to cover a special branch of medicine 
dealing ivith old age,'^ is of great utOity as a comiirehensive term, but its emplo}"- 
meiit should in no w’ay obligate ns to segregate a new medical specialty. 

For some time the analysis and study of a large number of post-mortem 
examin ations on persons over 60 years of age have occupied us, and have 
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the base of tlie left iuug. The heart fountls were of fair quality; a harsh systolic murmur 
was heard all over tlic preeordium. Tlie peripheral vessels were moderately selerotic. The 
abdomen showed well-healed right upper and left upper quadrant sears. The liver was 
palpable. The blood pressure was 140/SO. The hemoglobin was S9 per cent, and the leucocyte 
count, 13,600, of tyliieh SS per cent were polyinorphonuclears. Tlie urine showed a trace of 
albumin, 10 per cent sugar, heavy traces of acetone, and occasional hyaline casts and erythro- 
cyte.-;. Spinal puncture revealed a purulent fluid containing numerous gram-positive organisms, 
mostly diplococci. In view of the fact that meningococci occasionally may be gram-positive 
at first, antirneningococcus .=erum was administered intraspinously and intravenously. A con- 
.;.ultant for nose and throat diseases found no evidence of suppuration in tlie sphenoid luul 
ethmoid sinuses. A pneumoeoceu.s, Type XXVIII, was recovered from the spinal fluid, from 
the blood, and from the secretion of the right sphenoid. For this reason, exploratory bilateral 
sphenoethmoidectomy was performed, but no frank suppurative focus was encountered. After 
the operation the temperature rose sharply to 10G.S° F., and patient died twenty-four hours 
later. The glycosuria and acidosis had been controlled by insulin. 

Post-mortem examination revealed the following: acute, purulent menignitis (pneumo- 
coccus, Type XXA'^III) ; acute pneumococcus, Tj-pe XXVIII, endocarditis of mitral and aortic 
valves; chronic rheumatic heart disease, mitral valve; coronary sclerosis without narrowing; a 
patent foramen ovale; nephrocirrhosis athero.^clerotica lenta incipiens; fibroadenoma of the 
prostate; a colloid adenoma of the thyroid; and the status six years after cholecystectomy 
and one and one-half years after splenectomy. 

Comment , — The portal of entry here was the accessory nasal sinuses, infec- 
tion of which led to blood stream invasion, with subsequent acute endocarditis 
and suppurative meningitis. Noteworthy was the involvement of both mitral 
and aortic valves, altliough the pathologist found evidence of old rheumatii* 
valvular lesions only on the mitral leaflets. The spleen, removed a year and a 
half before, had shown microscopic changes which were interpreted as being due 
to chronic infection, but there is no reason to believe that there was any connec- 
tion between the antecedent splenic disease and the fatal illness. 


C.vsE 2. — Pneumococcus, Tyite III, ear infection in a 63-yeur-old woman with diabetes; 
acute mastoiditis; simple mastoidectomy and obliteration of lateral sinus because of purulent 
thrombosis. Twenty-four days later, chills and fever; blood culture positive for pneumo- 
coccus, Type III; reoperalion and dural vein exploration; extension into opposite sinus found. 
At autopsy, bilateral lateral sinus thrombophlebitis, and acute pneumococcus. Type III, endo- 
carditis of aortic valve. 

This patient, known to have diabetes, was admitted to tlie ^It. Sinai Hospital April 20, 
1937, because of aural pain and discharge from tho ear for one week, following an upper 
respiratory infection. At this time the diabetes was not under control. Culture of the dis- 
charge disclo.'-'cd a pneumococcus, Tj’po III, and roentgenologic examination showed mastoid 
involvement, ifastoidectomy revealed the extensive bony destruction which is characteristic 
of pneumococcu.s, Type III, infection. Creamy, thick pus appeared when the lateral sinus was 
incised. There was no bleeding from the bulbar end, and only a moderate amount from the 
toroular end. The patient did very well, and was out of bed walking about, when, on the 
twenty-fourth day after the sinu.s operation, she suffered a chill, and fever again set in. A 
blood culture disclosed pneumococcus. Type HI. Tho patient was immediately operated on 
again; tho internal jugular vein wa.s ligated, and the dural .-iinuses were re-explored. There 
wa,s evidence of extension into the straight sinus and into the opposite side. The patient 
died June 23, 1937. 

Post-mortem examination revealed the following: bilateral lateral .sinus thrombophlebitis; 
a; uto pnc-urnococcu.s. Type III, endocarditis, aortic valve; chronic riieumatic di.sea.so, mitral 
and aortic valves; coronary .-clero-'is, without narrowing; pulmonary emphysema; generalized 
.iricrio-clerosi.-i; and obe.sity. „ 


Comment. Tiii.s jiatient illu.-jtrate(l the charaeteristie eour.se of piieumu- 
ci/eeius, Type 111, i!!ieetion.s of the ma.stoid, which liave ao long ballletl tlie 
"toiogbt.s. Here, tuo, the emhx'anliti.s wa.s clearly secondary to hlooil .stream 
infection loUowing mastoid and lateral .sinu.s infect ion. Old rliciimaiic valvnhir 
hsioit.s were prt-,se.n!. The udininustratiou of .sulfanilamide at. time of the fii'.st 
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Moragiies and Anderson^- report a ease of acute endocarditis due to Pseudo- 
monas aeruginosa (Bacillus pijocyaneus). The patient, a 66-year-old man, was 
admitted because of urinary tract infection by this organism. Kepeated blood 
cultures showed P. aeruginosa, and the patient succumbed with terminal signs of 
acute meningitis. Although examination of the heart had been negative diu'ing 
life, necropsy revealed an old mitral stenosis, with a superimposed acute endo- 
carditis. These authors list five additional cases of endocarditis due to the same 
organism. Of these, one^^ occurred in a man, 65 years old, following con- 
taminated intravenous injections, and another,^'* in a man, 71 years old, >vas 
secondary to urinary tract infection. 

In a Cabot case reporC^ on pneumococcus endocarditis in a man, aged 64 
years, meningitis again appears to have been a terminal manifestation. In a 
75-year-old man suffering from acute bacterial endocarditis due to an unidentified 
organism, Bartol, Edwards, and LamlT° found a dissecting aneurj^sm of the 
aorta which arose in the base of a complicating mjmotic aneurysm. 

Other pertinent case reports will be discussed in the section on therapy. 

Table I. Acute Bacterial Endocl^rditis iv the Aged 


case 

AGE 

(YR.) 

SEX 

ORGANISM (BLOOD 
CULTITRE UNLESS 
STATED otherwise) 

CLINmVL 

DIAGNOSIS 

DURATION 

OP 

ILLNESS 

PORTAL 

OP 

ENTRY 

COMJIENT 

1 

01 

M 

Pneumococcus, Tvpe 
XXVIII (also from 
right splienoid and 
spinal fluid) 

Pneumococcus men- 
ingitis and sinusi- 
tis; diabetes 

13 days 

Nasal 

sinuses 

Died 2 hours after 
ethmoidectomy 

2 

G3 

F 

Pneumococcus, Tj'pe 
III 

Acute mastoiditis; 
lateral sinus 
thrombosis; dia- 
betes 

70 days 

Ear 

1 

Chill, fever 24 days 
after mastoid opera- 
tion ; treated with 
sulfanilamide 

O 

O 

SO 

F 

Pneumococcus, Time 
XT ’ 

Pneumonia 

14 days 

Lung. Car- 
cinoma of 
stomach 

Unsuspected car- 
cinoma of stomach 
at autopsy 

-4 

74 

F 

Pneumococcus, Type 
XI and Strepto- 
coccus hemohjticus 

Agranulocytosis; 
necrosis of tonsils 

17 days 

1 

Tonsils 

Onset gradual 2 weeks 
before admission; 
no medication 

5 

1 

62 

P 1 

Streptococcus liemo- 
lylicus 

Diabetes ; acidosis ; 
cerebral lesion; 
coronary thrombo- 
sis 

6 days 

i 

i 

Not known 

Stuporous on admis- 
sion; kidneys 
showed intercapil- 
laiy glomerulo- 
sclerosis 

(3 

70 

F 

•Anaerobic strepto- 
cocci 

Adenocarcinoma of 
uterus; pyonietra 

3 weeks 

1 

j 

j 

Pyometra 

Chills and fever be- 
gan 3 weeks before 
death 

7 

00 

P 

Enterococcus and 
Staphylococcus albits 

Left ureteral cal- 
culus; pyonephro- 
sis 

Broncliopneunionia ? 
Old coronary occl. 

IS days 

Pyonephro- 

sis 

Death 4 days post- 
operatively 

S 

(io 

80 

M 

Staphylococcus 

aureus 

3 days 

Infection in 
right toe 

Sputum sliowed pneu- 
mococcus, Type VII 

9 

M 

I'tschericliia coli from' 
heart valve (smear 
from vegetation- 
cocci) 

Bronchopneumonia 

S days 

Not known . 

Areas of tender swell- 
ing, both external 
malleoli 


CASE REPORTS 

Case 1— Pneumococcus Type XXVIII, sinusitis, and meninyitis in diabetic man, aged 61 
years, xulio died two hours after bilateral sphenoethmoidectomy. Autopsy showed acute 

purulent meningitis, and acute pneumococcus (Type XXVIII) endocarditis of aortic and mitral 
calves. ■ . 

The patient was admitted to the Mt. Sinai Hospital March 2, 1937. Eighteen months 
previously he had undergone splenectomy for splenomegaly aiul- secondary anemia. Five days 
te suffered a simkmg chili, lasting one hour, and followed by a fever of 
01 F He eomplained ot sharp pains shooting up and down liis spine, pain in the lower 
extrenuties, am severe headache associated witir emesis. On examination he appeared acutely 
. c was delirious. The pharynx was dry, granular, and injected. Bales were heard at 
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A Ijlood culture taken at that time was reported thirty-six liours later to contain Staphylo- 
coccus aureus. The following day an area of redness was noted on the lateral aspect of the 
right big toe, and two lymphangitie streaks appeared on the dorsal aspect of tlie foot. There 
were no peteehiae and no evidence of superficial thrombophlebitis. The right dorsalis pedis 
pulsation, noted as present on admission, became imperceptible. On the day of death, tliree 
days after the onset, a bluish, tender discoloration on the palmar aspect of the left hand 
developed at the base of the metacarpal bones. 

Post-mortem examination revealed: acute Staphylococcus aureus endocarditis, mitral 
valve; subacute, incomplete closure of the right coronary artery due to hemorrhage in a 
plaque; extensive arteriosclerotic narrowing of left circumflex and left anterior descending 
coronary arteries; acute myomalacia of the posterior wall of the left ventricle; arteriosclerosis 
of the aorta; acute infarction of the right kidney; and multiple excretion abscesses in both 
kidneys. 

■ Comment . — A true primary, or eryplogenic, endocarditis was present in this 
ease. The sputum culture would seem to indicate that bronchopneumonia, pos- 
sibly secondary to congestive heart failure, was dirn'to pneumococcus. Type VII. 
The blood culture, containing Stajiliijlococcxiii mtreus, came as a distinct sur- 
prise. The endocardial implant occurred on an otherwise normal valve. A 
similar, case was reported recently in which a 35-year-old woman had suffered 
from a pneumococcus, Type I, pneumonia and empjmma, and at autopsy was 
found to have a Staphylococcus axirexis bacteremia and acute staphylococcus 
endocarditis of the mitral and pulmonary valves.^® 

Case 9. — Man, ayed 80 years, had gradual onset of pain in right external malleolus and 
fever for three days; he teas moribund on admission, and no diagnosis was made. Autopsy: 
acute bacterial endocarditis, mitral valve, organism unknown. 

After prostatectomy two years before, this 80-year-old man had occasional hematuria, 
but was otherwise well until two weeks before admission to the Mt. Sinai Hospital, when he 
had an attack of so-called indigestion and was in bed for three days. One week before admis- 
.‘•ion he developed pain in the region of the right external malleolu.s, witli pain on motion 
and redness; two days later there were cough and fever. The patient was in extremis. He 
was restless and uncooperative, with a clouded sensorium; the pharynx was red and swollen; 
the chest was barrel shaped, and there were dullness and diminished voice and breath sound.® 
over the lower half of both lower lobes, with numerous medium and coarse moist rales. The 
cardiac outlines could not be ascertained; the sounds were of very poor quality. Periplieral 
arteriosclerosis was marked. The blood pres.sure was 154/82. Abdominal distention inter- 
fered with palpation of the viscera. An area of erytiiema over both external malleoli was ob- 
served. He died hvelve hours after admission. 

Post-mortem examination revealed acute bacterial endocarditis, mitral valve; acute >1101 
chronic bronchitis, pulmonary empliysema, bronchopneumonia of left upper and left loner 
lobes; general arteriosclerosis; and multiple peteehiae in the kidneys and ureters. Culture of 
tlie vegetation yielded pure Escherichia coli, although, on direct smear, many gntm-negafoo 
rods and gram-positive cocci were seen. The bacteriologic observations tlierefore permittoi 
no definite interpretation. 

Comment . — This ease shows bow difficult clinical diagnosis can be when 
the patient is moribund when he is seen for the first time. Autopsy revealed 
acute endocarditis, but we are entirely in the dark as to its pathogenesis and 
the causative organism, although the bronchopneumonia must be considered as 
a possible primary focus. 


PATHOLOGY 

For a general description of the pathology of acute bacterial endocarditis, 
the reader is referred to the textbooks of Aschoff, Kaufmann, and JlacCalhun. 
and to the monograph of Libman and Friedberg^' for a comprehensive diseus.sion 
of the pathologic changes in subaente bacterial cndoearditi.s, with particular 
emphasis on the differentiation between the two forms. At this point it is our 
|HU-po.se simply to point out certain outstanding pathologic features of our ca.ses. 
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operation was not effective in clearing np the infection. The action of these 
drugs in eases of ear disease, in which they often cause teinporaiy improvement 
and thus, promote a false sense of security, has been pointed out by Maybaum, 
Snyder, and Coleman.^* - 

Case ’6— Daily shaking chills and pyrexia in a woman, aged 80 years; cAiiise obscure 
until, on eleventh day of illness, the second blood cultu/e contained a pneumococcus (Type 
VI ). Sulfapyridine therapy caused thrombocytopenic purpura and skin eruption. Died 
thirteen days after first chill. Post-mortem examination: acute pneumococcus (Type VI) 
endocarditis, mitral and aortic valves, with perforation of anterior mitral and left aortic 
cusps. 

The patient was admitted to the Mt. Sinai Hospital Nov. 20, 1940, with the history that 
seven days before she had noted nausea and emesis without obvious cause, and five days before 
liad liad a sliaking chill witli a temperature rise to 103° P. Thereafter chills occurred daily. 
Examination revealed obesity, deafness, fever, evidence of right-sided iridectomy for glaucoma, 
pulmonary emphysema, crackling rales at the bases of both lungs, a high-pitched, rough systolic 
murmur at both aortic and mitral areas, and a distended abdomen. The hemoglobin was 
SO per cent, and the leucocyte count, 8,000, of which 56 per cent were segmented, 25 per cent 
nonsegmented, 12 per cent lymphocytes, 6 per cent monocytes, and 1 per eent, basophiles. 
The urine was clear and acid, and contained a trace of albumin and occasional gTanular and 
cellular casts. The blood urea nitrogen was 37 rag., and the cholesterol, 210 milligrams. The 
first blood culture was sterile. The second (Nov. 26, 1940) showed pneumococcus. Type VI. 
Excretion pyelogi'ams were normal. A roentgenogram of the chest showed numerous niiliary 
and submiliary infiltrations of the lower two-thirds of the right lung, and an irregular area 
of density in the left lower lobe behind the heail, probably an area of consolidation. A 
barium enema showed nothing abnormal. An electrocardiogram revealed no significant change. 
Sulfapyridine therapy was started on admission, but did not affect the septic temperature 
curve. On the sixth day after entry an erythematous rash appeared on the trunk and left 
% upper extremity. In addition, a number of purpuric spots were noted in the conjunctivae. The 
blood platelets had dropped to 50,000. Because of the thrombopenia, the sulfapyridine was 
discontinued, and the patient was given antipneumococcus. Type VI, rabbit serum. The 
patient died two days later. 

At autopsy the following diagnoses were established: acute pneumococcus (TjTpe VI) 
endocarditis of mitral and aortic valves, with perforation of anterior mitral and left aortic 
cusps ; acute focal myocarditis at point of contiguity with mitral vegetation ; chronic rheumatic 
heart disease, mitral valve; carcinoma of stomach; large, benign, prepyloric polyp; embolus 
in superior mesenteric artery; and marked sclerotic narrowing of the ostium of the celiac 
axis. 


Comment . — The portal of entry of tlie infection in this case could not be 
established with certainty. Both the lungs and the clinically unsuspected 
carcinoma of the stomach must bi? considered. Here we may speak of a primary, 
or idiopathic, endocarditis in which the signs of blood stream infection far over- 
shadowed the localizing manifestations. The association of the gastric neoplasm 
with a benign prepyloric polyp is of interest from the standpoint of the meta- 
plasia of benign lesions in the gastrointe.stinal tract. 


Case 4. — Cryptogenic agranulocytosis of nineteen days’ duration in a woman 74 years 
old, associated with mixed infection of the blood stream by a pneumococcus. Type XI, and 
Streptococcus hemolyticus, probably secondary to gangrenous pharyngitis and tonsillitis. 
Post-moitein examination: bacterial endocarditis of pulmonary, mitral, and aortic valves. 


The patient was admitted to the Mt. Siuai Hospital April 9, 1934. She had been in rela- 
tively good health until two weeks before admission, when fever, sore throat, and weakness 
were noted. No mediciue of any kind had been taken. There had been no cliills. Phvsical 
examination disclosed that tlie pharynx was red and congested, and the tonsils large, sivollen, 
and covered witii easily removable grayish-white membrane, removal of which caused no bleed- 
ing. The upper anterior cervical nodes were large and tender. The heart, except for numerous 
e.\ rasystoles, e.xhibited no abnormalities. The lungs were hyiierresonant ; the e.xpiratory phase 
of respiration was prolonged, and numerous sibilant and sonorous rales were heard. The 

lemoglobm was 68 per cent, and the leucocyte count, 1,900, with 98 per cent lymphoevtes and 
- per cent monocytes. 
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is unjutmpered by the a<ldccl burdens so eonmion in later years. Tliree ol' the 
nine patients, for example, suffered from diabetes mellitus, and two of these 
had diabetic acidosis on admission to the hospital. 

BACTERIOLOGY 

Pneumococci of various t\q3es were cultured from the blood in four of the 
nine cases. In one of the.se a hemolytic .streptococcus was also found. By in- 
cluding the enterococcus in the .sti*eptococeus group, we find that this species was 
also recovered in four eases, of wliieh two were the hemoljdic variety. Staphylo- 
coccus aureus occurred in one case, and, in another, Staphylococcus albus was 
associated with the enterococcus. It Avill be recalled that both Euegsegger” and 
Thayer® emphasized the oceurrence of pneumoeoeeus endocarditis in the higher 
age groups. The latter also pointed out that staphjdocoecus endocarditis, al- 
though it occurs at all ages, was most common in the third and fourth decades. 

In connection Avith the tAvo cases of mixed infection, Ave call attention to a 
recent contribution by Orgahx and Poston,^® in Avhieh they report six patients 
Avith bacterial endocarditis from the blood of AA'hom they repeatedly cultured 
tAA'o or more distinct species of bacteria. There AAms little in the hi.story, physical 
and laboratoiy data, and clinical course of their patients to suggest a mixed 
infection. They emphasize that recognition of a mixed infection is of funda- 
mental importance in sulfonamide therapy, for the drug may affect one organ- 
ism and not the other. 

The difference in the bacterial content of the blood stream and the sputum is 
notcAvorthy in Case 8, in Avhieh the sputum yielded pneumocoeeiLs, Type VII, 
and the blood. Staphylococcus aureus. A similar situation Avas recently re- 
ported from Boston,'® and Avas mentioned in the comment on Case S. A Avoman, 
aged 53 years, died, as it semed, from pneumococcus, Type I, pneumonia, and 
empyema. Post-mortem examination disclosed, in addition, acute staphylococcus 
endocarditis and bacteremia. 

The portal of entry of the infectiA'’e agents Avas clear in five cases of this 
series, questionable in tAvo, and not knoAA'n in tAvo. The clear origins of the 
bacteremia Avere acute nasal sinusitis, middle ear infection and mastoiditis AAnth 
sinus phlebitis, agranulocytosis AAuth gangrenous mouth lesions, pyometi'a, and 
pyonephrosis. In the dubious cases the bacteremia may have originated cither 
in the lungs or a gastric neoplasm in one imstance, and, in the other, in an infec- 
tion of the great toe, Avhich Avas more likely a result than a cause of the sepsis. 
In the remaining Iavo cases (Cases 5 and 9) no portal of entry could be recognized 
Avith certainty. 

CLINICAL PICTURE 

In none of these nine ca.ses A\’as the correct diagnosis made, or even sus- 
]iected, ante mortem, in spite of the demonstration of bacteremia in several. 
The continuing fever and progressiA'e doAviiAA’aid course of the patient Avere often 
a.seribed to the obvious presenting condition, as in Case 7, in Avhich the infected 
adenocarcinoma of the uterus seemed an adequate e.xplanation for the observed 
symptoms and signs. In Case 5 the clinical manifestations Avere explained as 
ihe result of one of .several po.s.sible condition.s, i.e., diabetic acidosis, coronary 
tlirombosi-s, or cerebral hemorrhage. In Ca.se S the easily delected bronchopneu- 
monia due to pneumococcus, Type VI [. seemefl an adequate diagnosis until 
Staphylococcus aureus Avas found in the blood stream. In general, the multi- 
plicity of Icsion.s causing .symptoms and physical signs in the aged accounts for 
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The valvular lesions consisted of the typical, large, friable vegetations in 
which freshly made smears showed masses of bacteria. The mitral valve was 
involved in all but one ease (Case 2), and in five eases was the only one in- 
volved. The aortic valve was involved alone in one case (Case 2), together with 
the mitral valve in two eases (Cases 1 and 3), and with the mitral and pulmonary 
valves in one case (Case 4). In Case 3 both the anterior mitral and the left 
aortic cusps were perforated by the inflammatory process, giving rise to the 
picture of what the older pathologists termed ^'ulcerative endocarditis.’' At the 
point where the vegetation on the under side of the mitral valve came in contact 
with the lateral wall of the ventricle there was a localized area of endocardial 
inflammation, with involvement of the underljdng m 3 meardium. 

In four out of the nine cases, definite, old rheumatic lesions involving the 
mitral valve were found. In one of these (Case 2) the aortic valve was similarly'’ 
involved. In spite of the age of the patients in this series, in oidy one (Case 8) 
was there anj’- arteriosclerotic thickening of the valve. In four of the nine cases 
no previous valvular damage of any kind could be found. 

As to the occurrence of embolic phenomena, in three cases (Cases 1, 6, and 
7) there were none. In Case 2 there was microscopic evidence of acute myo- 
carditis. In Case 3, embolism of the superior mesenteric artery was found; this 
had apparently occurred shortlj^ before death. In Case 5 a mjmcai’dial abscess 
was found, and examination of the brain revealed toxic encephalopathj'-. Kerno- 
hau, Woltman, and Barnes,^® in discussing involvement of the central nervous 
system in association ■with endocarditis, have pointed out that "changes in the 
central neiwous system with or Avithout clinical symptoms are not only commpn 
to all types of endocarditis, but also are distinctive.” Case 8 was the only in- 
stance in the series of multiple excretion abscesses of the kidneys. The embolic 
lesions of the skin will be taken up in connection with the discussion of the 
clinical picture. 

In a group of aged persons, the significance of the associated conditions 
cannot be overemphasized. Bj'- this we do not mean such manifestations as the 
meningitis in Case 1, the latent sinus phlebitis in Case 2, or the carcinoma of 
the uterus in Case 6, for these conditions are to be regarded as part of the chain 
of events definitely leading to sepsis. In four cases (Cases 4, 5, 8, and 9), diffuse 
gross arteriosclerosis was present. In Case 3, arteriosclerotic narrowing of the 
ostium of the celiac axis was found, in addition to an undiagnosed malignant 
neoplasm of the stomach and a benign polyp of the stomach. In Case 5, the 
kidneys were the seat of the lesion now known as intercapillary glomerulo- 
sclerosis ; in addition, there were marked narrowing of the coronary arteries and 
myocardial fibrosis. In Case 8, myocardial infarction due to coronary thrombosis 
occurred six months previously, with conseciuent functional impairment. In Case 
9, both acute and chronic bronchitis were found. To what extent these condi- 
tions, especially the generalized arteriosclerosis and the arteriosclerosis of the 
coronary vessels, influenced the clinical picture cannot be stated definitely, but 
it may be fairlj’’ assumed that these abnormalities do reduce the functional capac- 
ity of the tissues and the organs, and of the body as a whole. We believe that 
it is changes such as these that malm the clinical picture of disease in the aged 
different from that in the jmung, for in the latter group the tissues and organs 
are unaltered either by associated diseases or the processes of senescence. In 
other Avoi’ds, if a disease picture is the result of the interaction of a pathogenic 
organism and the defense mechanisms of the human body, the variables are the 
virulence of the organism and the reactive power of the body, which in youth 
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is ob\’ioiis that, when tlie possibility of endocarditis is unsuspected, little time 
will be given to looking for skin lesions. 

It may ))e urged by some that acute Imcterial endocarditis in the aged is a 
“terminal” or “agonal” manifestation. We believe rather that it may be at 
times a “terminating” condition, since no one can deny that, in some of these 
cases, there was the possibility of prolongation of life had not this condition 
.sul)ervened. The development of endocarditis may be the decisive factor in 
liringing a])out the fatal issue. 

DIFFERENTIAL DIAGNOSIS 

It is clear from the foregoing that acute bacterial endocarditis may com- 
plicate any infectious disease in old people. It is to be considered as a diagnostic 
possibility in any febrile condition in the aged which is associated with bac- 
teremia, and the more so if there is no response to specific therapy. 

The differentiation from subacute bacterial endocarditis is important be- 
cause, in our experience with the aged, the latter variety is twice as common as 
the acute, and, although it presents great diagnostic difficulties in old people, 
may more often be eorreetl}'- diagnosed, because these patients are under ob- 
servation for longer periods of time. Libman and h’riedberg-* have emphasized 
that, Avhereas in the acute form the primaiy lesion may overshadoAV the endo- 
carditis, in the subacute type ‘‘the symptoms are due to the endocardial involve- 
ment or its complications. . . . The endocardial lesions produce symptoms by 
way of the associated toxemia and bacteremia, because of their effect on the 
valves and adjacent structures, and because the release of particles from the 
vegetations, usually containing bacteria, produces embolism and embolic aneu- 
rysms. ’ ’ As our series shows clearly, the course of the acute type is fulminating, 
and often diagnostically obscure by reason of the prostration of the patient, 
which tends to mask the symptoms. Commonly, the wealth of .s3miptoms and 
signs makes it difficult to explain the clinical manifestations as a result of one 
disease. Tliis is, of coiu’se, a frequent experience when dealing with aged pa- 
tients, and has in part given point to the clinical aphorism : Disease in the aged 
is characterized bj’- multiplicity, ehronicity, and duplicity. 

THERAPY 

jMedical opinion, until veiy I’ceently, agreed that there was no treatment foi’ 
acute bacterial endocarditis that offered even a moderate hope of success. The 
use of penicillin has not j^et been sufficiently e.xplored.-- Its u.se in a ease of 
acute liemotytic Staphylococcus albus endocarditis in a 23 -year-old Avoman bj’ 
one of us (P. D. Z.) produced only tempoi’ary improA^ement in the clinical pic- 
ture, and during a short pex'iod the blood became sterile. At post-mortem ex- 
amination there was no eAudence that the pathologic process had been affected. 

Taa'o reports reveal results that ai’e encouraging. The iUexanders-^ report 
the cure of an acute Streptococcus hemolyticus endocarditis in a man aged 62 
A’eais. The diagnosis AAms based on the changing character of the lieart miii'- 
murs, the positive blood cultures, and the patient’s septic temperature curve, 
in absence of other foci of infection. Sulfanilamide Avas giv'en in doses of 15 
grains (1 Gm.) eveiy four houre for a period of six Aveelis. 

Blumberg, Heine, and Lipshutz-^ report reeoveiy from pneurnoeoeeus, Tj'pe 
XXVIII, endocarditis in the ease of an IS-j'^ear-old man Avho avjis treated Avith 
sulfadiazine, sulfathiazole, and type-.speeifie antipneuraococeus serum. These 
authoi-s have revieAved the literature and report tAA'O other cures ot pneumo- 
coccus endocarditis. 
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many of the diagnostic difficulties. The keenest discrimination is required to 
avoid misplacing clinical emphasis. In many of the eases reported, the urgency 
of certain aspects, such as diabetic acidosis, tended to distract attention from 
the problem as a whole. 

Table I shows that live cases occurred in the seventh decade of life, and two 
each in the eighth and ninth. The strildng difference in sex incidence (six 
females to three males) is not easily explained. It maj’ well be due only to the 
small number of cases, but it should be considered along with other well-lmoA\ui 
sex differences of later life, such as the greater longevity, the lower incidence of 
arteriosclerotic heart disease and malignant neoplasms, and the greater mental 
stability, of the aged female. 

Among the conditions arising to confuse the clinician in these cases may be 
noted the difficulty in the interpretation of'tlie cardiac manifestations. In old 
jiatients with frank chronic vahmlar disease, even more often than with the 
young, no history of previous heart disease or of attaelvs of rheumatic fever can 
be elicited, and such was the case here. Yet, as has been shown in the discussion 
of the pathologic changes, in four, and possibly five, of nine eases there were 
definite old valvular lesions, presumably of rheumatic origin. Only one patient 
showed definite arteriosclerotic vahuilar changes. If we review the clinical 
records, we find that in three of the four eases of proved rlieumatic disease there 
were harsh systolic mrmuurs, either at the mitral or aortic areas, or these mur- 
murs were loud over the entire precordium. In the remaining rheumatic case 
the onl}'- observed cardiac abnormality was the occurrence of extrasystoles. In 
Case 5 a harsh systolic murmur was audible, and, at autopsy, fibrosis of the 
myocardium due to arteriosclerotic narrowing of the coronary arteries and 
dilatation of all the heart chambers were found. It is clear that the interpreta- 
tion of the auscultatory phenomena in the.se ailing old people presents great 
difficulties. In general, we believe that systolic cardiac murmurs in the aged 
maj’’ be due to rheumatic valvular deformities, arteriosclerotic valvular lesions, 
including calcification of the valves and of the mitral ring (not observed in the 
present series), and to cardiac dilatation. Systolic murmurs wlxieh appear 
acutely may be caused by perforation of a valve cusp or by rupture of a papillary 
muscle. The differentiation is impossible without careful study of both the his- 
tory and the physical signs, plus the aid of the roentgenologic examination, which 
may be used to detect valvular deposits of calcium, as well as variations in the 
size of the heart. These observations refer largely to involvement of the mitral 
valve. Lack of space precludes discussion of the signs of aortic stenosis, either 
with or without calcification — a lesion that is far from rare in the aged and 
which has been thoroughly discussed by many Avriters in the past ten years. That 
no change m the character of the lieart. sounds and murmurs in this series of 
cases was noted means only that insufficient attention was paid to this point. 

Since in cases of both acute and subacute bacteriiil endocarditis, clinicians 
have long been trained to look for embolic skin lesions, their oeeurreiiee in this 
series deserves discussion. In Case 4, petechiae were noted after an eruption 
thought to be due to sulfonamides had subsided. In Case 6 a large subcon- 
junctival hemorrhage appeared once during the course of the disease. In Case 8 
a tender red area was noted on the right big toe, and a similar area of redness 
over the right external malleolus occurred in Case 9. It is our belief tliat the 
paucity of embolic skin lesions is to be ascribed to faulty oliservation, rather than 
to any peculiarity in the disease or to the age of the patients. These manifesta- 
tions must be looked for daily and with meticulous care. The petechiae m sub- 
acute bacterial endocarditis may be very elusive even in elcar-eut cases. It 
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AURICULAE HEART SOUNDS IN AURICULAR FLUTTER 

Hans H. Heciit, M.D.,*' and Gordon B. jMyeus, M.D. 

Detroit, IVIich. 

S OON after the recognition of anrieular flutter as a clinical entity, Colin' 
stated that am'ieular sounds may occasionally be heard in this condition. 
Passing mention of auricular sounds in flutter has been made by others from 
time to time. The first graphic recording Avas that of Bennett and JCerr,- pub- 
lished in 1932. Four additional eases, complete Avith phonoeardiograms, hai'e 
been reported,®'® and one tracing has been published Avithout any clinical in- 
formation."’ ® Two other cases have been reported in Avhich the fluttering 
auricle appeared to influence the intensity of the first ventricular sound.® 

We have observed tAvo cases of auricular flutter in Avhich loud clicking 
sounds Avere associated Avith the flutter movement of the auricles. The sounds 
Avei-e transmitted to areas different from those hitherto described ; their relation 
to the state of the myocardium and their position in the cardiac cycle Avere un- 
usual. A discussion of our eases in relation to those observed by others, and of 
the probable factors responsible for auscultatory phenomena of this type appears 
justified. Table I summarizes the pertinent observations in the eiglit previous 
cases and in the tAAm reported in this communication, 

CASE reports 

Case 1. — A 40-year-old riveter entered the hospital Jan. 17, 194-4, complaining of short- 
ness of breath and s^velling of the ankles and abdomen for about tlirec weeks. Tliere wiis no 
history of iJrevious heart disease or of rheumatic infection. Physical examination revealed a 
very obese, white man who was moderately dyspneic, cyanotic, and very edematous. The retinal 
arterioles were normal, and there was no evidence of hypertensive or arteriosclerotic rctinop- 
atliy. The neck veins were markedly distended, but e.xhibited no pulsation.s. There were 
pliy.-'ical and roentgenologic signs of marked pulmonary congestion and edema. There wa.s 
generalized cardiac enlargement, and tlie eardiotiioracic ratio was (50 per cent. No murmur.s 
were lieard. The rhythm was regular, and the rate was constant at loO beats per minute, siig- 
gt’sting auricular flutter or auricular paro.xysmal tachycardia. The blood pres.-iure was 110/70. 
t'hifting dullness was noted in the abdomen, and no masses could be felt. Four plus edema 
wa-i present in both lower extremities. 

The patient wa.s placed on a strict cardiac regimen consisting of rest in bed, oxygen, a 
ealt-freo diet, and largo do.‘-es of digitalis. Abdominal paracentesis, ammonium chloride. 

From tlie DeiJ.irtnient of Internal Sfeuicine. AVayno X'niver.-iity CoHeae of Jledicinc. De- 
troit. MichiKan, from tlie City of Detroit Receiving I£o.s[jit:il. and from tlie AVilliam .1. pey- 
mour Hospiml, Eloise, Micliigan. 

Received for imblic.ation .Aua. 17, 19(1. 
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These good results make it obligatory for physicians who are treating acute 
bacterial endocarditis in, any age group to use sulfonamide drugs, penicillin, and 
specific antisera if possible. In addition, no reasonable surgical effort to 
eradicate or to drain the primary focus of mfection should be omitted. In 
cases of superficial thrombophlebitis,- ligation of the vein above the affected area 
is theoretically justified, but is of little value if a secondary focus on a heart 
valve has already been established. 

Hamburger and his collaborators-^ have reported the case of a Negro 
woman, aged 43 years, '‘with an ultimately fatal Type YII pneumococcus endo- 
carditis treated with sulfapyrazine intermittently over a period of six months. 
The pneumococci isolated at intervals during this treatment period showed 
progressive increase in sulfonamide resistance. They point out that this is a 
serious complication in the long-continued use of sulfonamides. 

SUMMARY ' 

In an effort to clarify tlie disease pictures encountered in the aged, nine 
eases of acute bacterial endocarditis, with autopsy, have been reported among 
patients whose ages ranged from 6D to 80 years. In none of these cases was the 
diagnosis made clinically. The bacteriologic, pathologic, and clinical features 
are discussed, and it is pointed out that the diagnosis is obscured by the multi- 
plicity of symptoms and signs, as well as by the prostration , of tlie patient. It 
is believed that these cases will be detected more often if the possibilty of this 
complication is borne in mind', especially when positive blood cultures are found 
in old people, and even in cases in which the diagnosis seems to be obvious. 
Clarification of the clinical problems posed by the aged patient offers many 
fascinating opportunities to the discerning physician. 
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and mercupurin were used to effect diuresis. Tkiamine cUoride ^vas given in a dose of 60 
mg. daily during tlie first week and 10 mg. daily tliereafter because of the possibUffy of 
be'riberi heart disease. However, no definite evidence was elicited to confirm the suspicion of 
beriberi. 

On the seventh hospital day, after a total of 3.2 Gm. of digitalis leaf orally and 7 c.e. 
of cedilanid intravenously, the patient’s general condition had improved somewhat, but signs 
of right ventricular failure were still present. The heart rate remained at lH beats per min- 
ute, and could not be influenced by carotid sinus pressure. On the afternoon of the seventh 
day and for the first time during his hospital stay, distinct, loud, and rapid clicking sounds 
were heard over the base, particularly in the second and third intercostal spaces at the left 
sternal border. Two of these sounds were heard during each cycle. With progressive digital- 
ization, the ventricular rhythm became irregular and then regular, at a rate of about seventy 
beats per minute. At this time, the rate of the clicking sounds was approxi.mately triple the 
ventricular rate. These extra sounds were heard consistently between the seventh and 
twentieth hospital days, except on the fourteenth day, when transient auricular fibriUation 
was present (confirmed by an electrocardiogram). The rhythm subsequently reverted to flut- 
ter and the extra sounds returned. The sounds varied in intensity and seemed particularly 
loud shortly after the intravenous injection of cedilanid. Between the seventh and twentieth 
hospital days, the patient lost a total of 55 pounds, and the heart became fully compensated. 
On the twentieth hospital day, after the patient had received a total of 7.7 Gm. of digitalis 
orally and 18 c.c. of cedilanid intravenously, normal sinus mechanism was le-established. The 
extra sounds over the base disappeared and did not return. 

The patient was discharged Feg. 14, 1944, on a maintenance dose of digitalis, wdth the 
final diagnosis of paroxysmal auricular flutter w’ith regular and irregular ventricular responses, 
cause unknown. A rheumatic valvular heart lesion was suspected, but could not be proved 
on clinical or roentgenologic examination. 

Three weeks after the patient’s discharge from the hospital, while changing a tire on 
his car, he was suddenly seized with extreme dyspnea, and died a few hour’s later. The 
heart was obtained after the body had been embalmed, and was exammed by Dr. Bert Stofei’. 
It revealed generalized enlargement, weighing 620 grams. The ratio of left to right ventricu- 
lar weights was 1.5:1. This is witliin the normal range, and indicates that the left and right 
ventricles were proportionally hjqpertrophied.n The coronary arteries were patent through- 
out, and showed minimal sclerotic changes. There was no evidence of myocardial infarction. 
The endocardium and pericardium were normal. Sections of the ventricles and auricles were 
negative except for hypertrophy. Since no other tissues were examined, a pre-existent hjqjer- 
tension could not be excluded with certainty. The cause of the cardiac h 3 'pertrophy remained 
undetermined. 


Case 2. — A 36-year-old Negro housewife entered the hospital Sept. 1, 2943, with a his- 
tory of repeated attacks of rheumatic fever since 1926, orthopnea and peripheral edema since 
April, 1943, and cough, fever, hemoptj’sis, and left-sided pleuritic pain of three days’ duration. 
Phj'sical examination revealed marked orthopnea, moderate cyanosis, slight jaundice, and 3 
plus edema of the lower extremities. The blood pressure was 130/90. The jugular veins were 
markedly distended, and exliibited a strong, positive venous pulse. A large pleural effusion 
occupied the lower two-tliirds of the left hemithorax. The apical impulse was barely palpable 
in the fifth intercostal space, 9 cm. to the left of the midline. The left border, by roentgeno- 
gram, was approximately 10.5 cm. to the left, and the right border was 9.5 cm. to the right, of 
the midline. The results of percussion and fluoroscopic examination were indicative of peri- 
cardial effusion. During the first week of hospitalization a loud pericardial friction rub was 
heard over the precordium to the left of the .sternum, and a’ pleural rub w'as heard in the left 
axilla. In addition, there were eudoeardi’al murmurs which were identified after the disap- 
pearance of the rub as a to-and-fro basal murmur r 3 ’pical of aortic insufficiency. The rhythm 
was regular and the ventricular rate was consistently around SO per minute. In the second 
and third intercostal spaces to the right of the sternum, a rapid, regular, slapping impulse 
could be distinctly felt at a rate approximately three times the ventricular rate. Co'i’respond- 
ing with these palpable impulses, three loud clicking sounds were heard in each cycle, in ad- 
dition to the to-and-fro blowing murmur of aortic insufficiency. These impulses and' sounds 
were present throughout her hospital stay and were recorded graphically. A diaernosis was 
made of acute rheumatic pancarditis with 3:1 auricular flutter, complicating chronic%heumatic 
aortic and mitral valimlitis. The patient remained in the hospital for eighteen day’s and im- 
proved somewhat as a result of the administration of digitalis and diuretics. She refused 
thoraceute.sis and left the hospital against advice. 
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Six moaths later, after a period of almost complete rest in. bed, a salt-poor diet, and 
digitalis medication at home, slio was readmitted with a left-sided empyema whicli was drained 
surgically. Her cardiac condition liad greatly improved. There was no trace of edema, very 
little dyspnea, and no orthopnea. The rhythm w'as completely regular, slow, and of .sinus 
origin. The murmurs over the heart were similar to those observed before, suggesting a com- 
bined aortic and mitral valvulitis. The extra sound.s and impulses formerly heard over the 
base of the heart had entirely disappeared. 

Electrocardiograms . — Standard bipolar limb leads and standard unipolar 
precordial leads were recorded in' both eases. In addition, unipolar limb leads 
(extremity potentials) and serial unipolar esophageal leads were obtained in the 
second case. 


T.\ble II. Case 1. Cyclic Variatioxs op the Auricui..vr Souxd (ix Secoxos) 


A 

AURICULAR 

B 

SOI’NDS 

C 

D 

CORRESrOXDIXG FLUTTER CYCLE (E(G) 

A B C 1) 

0.278 

0.192 

0.219 


0.237 



0.232 


0.183 

0.218 




0.234 

0.226 




0.226 




0.227 

O.MIO 

0.212 

0.240 

0.252 

0.251 

0.257 


0.255 


0.213 

0.242 

0.244 

0.245 

0.243 

mamvm 

0.249 








0.248 

0.276 




0.225 



0.227 

0.282 

0.187 

0.211 


0.225 

■ro ! 9 





0.213 

liiEi 






A = Interval between systolic and first diastolic sound. 

B = Interval between first diastolic and second diastolic sound. 

C =: Interval between second diastolic and first ventricular sound. 

D = Interval between first ventricular and systolic auricular sound. 

Note; Each ijroup of figures represents measurements from one strip of film (enlarged 
photographs). Note the increase in time in A and the corresponding decrease in B in all in- 
.stances of the sound measurements, without identical changes in the corresponding flutter 
cycle from the electrocardiogram. 


The first record in Case 1, taken q,n the day of admis.sion, revealed classical 
auricular flutter %yith a perfect 2:1 ventricular response (ventricular rate, 136, 
auricular rate, 272). The QKS complexes were upright in Leads I and II and 
of a vibratory type in Lead III. T waves were not discernible in the standard 
leads. Serial precordial leads (V^, V4, and V„) were compatible with left ven- 
tricular enlargement. On the day the extra sounds were first noted a 2:1 re- 
sponse was present. On the following day the ratio had changed to 4.T (auricu- 
lar rate, 259, ventricular rate, 65). On the fourteenth ho.spital day, auricular 
fibrillation was recorded, with an irregular ventricular response. Left axis de- 
viation was present (a = minus IS degrees), and a U-shaped S-T depression vas 
noted in standard bipolar limb leads and in precordial leads (digitalis medica- 
tion). On the twentieth hospital day a record was obtained which for the first 
time revealed normal sinoaurieular rhythm, with a heart rate of 79 beats pei 
minute and a P-R interval of 0.24 second. The P waves were markedly split in 
Leads I and II, and biphasie in Lead Yj. The QRS and T waves appealed 
similar to those recorded on previous occasions. Late records taken on the 
twenty-fourth and on the twenty-ninth hospital days were similar except lor 
the P-R interval, which gradually returned to normal values. Measurements 
of the rate of the flutter cycle taken from enlarged photographs and obtained 
with a Lucas comparator* revealed an average variation of the individual flut- 
ter cycles of 0.0065 second (0 to 0.0150 second) (Table II). 

All records in Case 2 during the patient s first stay in the ho.spital revealed 
pure auricular flutter Asith a 3:1 ventricular response (auricular rate, 230, ven- 


•Permission to use the comparator of the Heart Station of the UnivcT.sity Ho.spital in 
Ann Arbor, Michigan, \va.s given by Dr. P. N. •Wilson, wlioae kinclhess is gratefully iicRnowi- 






HECHT and MYERS: AURICUL.VR HEART SOUNDS 


IN AURICULAR FLUTTER 613 




O o 


O p- 

: o ^ 

ig 

1 ^ ’J 2 


^ ci 
ci 2 

> ^ 
O 

^ o 


rrt -iJ . ^ 

5 > o o 


Cfi , 


O 
OT V 5 






c5 x ^ 
o h p . 

r-. w o «r 

•T* 'Ji Ph C-I 
0 0 0 3 

^g4lU-pl4 

<^5 


3 

; O ^ 


P 
O 

aj 3 O 3 
P aj o> 

^ 5^ C . 

3 0-10 3 
>3 CL- ^ 

g 3 P 
o U2 p O* 

j: "p o 

< 


o o 5 
hi 3 

o J2 

fcx) ^ -'S 
a S g g 

h 2 a o 
^vins ” 

^ 3 ^ 


P ^ 
3 P 2 

Pn3, 
Ed a 
o ^ 

5 § 


o 

P 

o 


? 2 3 'fcjDPJ ^ 

O I— < p • 

r 3 f-» w rt 


55 ^ 

I'li'g'i 

S a o a -p 

® p 2 a “ 

^ O Vi O ^ 
^ «2 •!-* J3 j?- 

O hi 'r^'5 O 
53 P ^3 .p 


I'S § 

tn X 

’X <-» 

. O 


i|3 
^ ^ p 

^ V 

i .3 2 

1 -^ X 


‘sa 


■XI 


o 

-r 


o 

IP 

2*1 


fe-S 

H o 

I O 

l^-g 
15^ 


1 2 

ai 

P 


3 O M 

o o o --? 
3 p .t; 
2 33 

.2 p’o o 
1-2 X srS ci 
IIP ^ ^ 

I.S S o 

^r3 .2 


3 


P p o 
t 5 ro O 

•r o ^ »— 

p § 

P O ‘fn 

ri 

3.2 

-P O r3 

V2 «j P 

2 ^ 3 

^ P P o 

p^o X 


p 


o 

p 

p 

o ' 

'o 


to 


o 


o 

02 X 




? 

o 

ZJ 

CJ 


y. 

CJ 


s 


o=» 

O 

Cl 


*^,2 

O 

o t: 

•pn P 
^ O 




uo 


o 

o 

CO 


r3 J 

‘m’ 


00 

Cl 


o 

1.0 

<M 


P5 O 

o ? 2 

'« 

p P 
PS •'^ 
S Org 

‘H "p S 


o \— 

.* p . p 
25 P tJD ;5 
9 j:i4c ^ 
rq CO O O ^ 

'p "X 0 

It'S 5^1 

o g c o 2 
5 
CO 


UD 

o 


ifD 

CM 


o 

O 


o 

OT 

O 


o 

to 

9 o 

2 -a 

a ^ 

C2 P 

- CJ 


5*^ 
•<s 

o’^ 

■ hi ~ " “S 

fr-H s a. & g 
2 - 3" 


s • •• 

o 9 


V • • 

p o 


p 

o 


p 


g*. 

a 


Q 


3 X 
2 *^ 


o 

r.»* 

P 


o 


o 

X 

p 

£ 


CO 

O 

. CJ 

.P X 

p’^s 

-2^ 

» , V 

o p 
>=^2 
>V-’ 

M 


03 


02 ^ 


tn CO 
C/ 


o 

CO 

o 


CO 

01 


o 


^ r-1 ® 2 
P 2 cm ,r^ 

•5, 


& 


fa 


CJ 

r3 

* -a 


a o’tcaa 

3 a 'a s g 

O 3 a3 — 


V ^ 

p 3 
rp 
P X 

2 ^ 
*p X 


® p 

|i 

o “ 


'p fcD^S 

p .-n CO 

P ^ g OT 

f-t ^ C> 

s a 

sa 3 ft 


i, tr: 9 

2 0.2 3 
a“s> 
9 o '' 

2 ■S'3 

, 2 |i^ 

wp V 
p-p CJ 
^ O O X 
'p 
o 


. CO 


V Cj "* 

03 
'2 

ap 

O ^ 2 P 

a = gs 
:gg 2 
’.B s^ 


c^' 

Or^.- 


H o 
.pp 

P o 

V 


30 
3 o 


P .rs 


^ w 5 
o 

..X 


ia 


w . » c: 

*4J M ^ --< a -3 ■ 
— • c a o 00 3 

• 3 o 3:g 9 §1 

^oc>cj 5 • o5 
co^ P PP 

o w P 

»-t P . X V 2 O 

C' P 3 53 “ >n w 

•O S ^o 

o pop 

^a-Bnii.a '3 = 

;4a 0^3 c -> 2 

« -a " g 5 

ggajH.S “g 


o 

(X} 


10 

t- 


o 

CO 

CM 


CO 


o 

X 

p 

o 

Pi 

X 

o 

A-* 


o 

TO 

O 


P 

P 

P 

, o'® 


5 

3.“ S 
2 ^ S 


v5 P.2’ . 

P-4-* ^ ci g C p 

C p *P > 

0 O <l>T-*r 3 P P V 

y P c V 

Ptij cj,-i ^ 

og .w ^ 

» ■ *m if 5 * * p » X 

^ P . 

o X o •-< 

.0*1:.^ P Cii P 

. 2 °„a O 3-3 
a a §.2 3 Co 
a , 9 >4 ca; 

g 3 ft 5 

•S o*-»i-^ ^ O o 

^ g o S g *55 S 
u M s'® S .£ o 3 j 

« U 39 --j 0-2 

g-gSoul^-a 

?s O 5 S V 4 C 

M g 2 .a § ® a 

P 

P.- c S 3 p i=^ 

• ' p ^ .2 

1 fp ^Tf-? 5 ^'*-* ^ ^ ® 

1 c SoSc P 
3 tu-3^^.2 o 1 ,'? 
o a .ti « 55 

aa 

a-- £ ri - 

SSg'-'c ftB 

SsSaft 5’'B 

-P'®^ W 

>>a*jft'j3 ~ — 

1 ft o 2pQ-2 S a! 0 
3s"Cft j. 3:3 

' ri -j o o^ 
’ 3 i 3 2 ^ ®— 

>.ftB§a 3 ftS 
1 -a 2 ^ ^ 

o o ^ p P 

j-o-'w<; s *^8 

§aa|2 ^ 

*1 O'— P o 


o o 


P 2 ^ *—3" ^ c ^ *P 
O; > ^tP P S C) 

2 

X P p CJ ci-- 

/II P -x o 

9 c a a c S aa 
Sgsa- 

^ 03 , 


CP 

CO 


o 


~ 5 .^ ^ !«-* 

ox ^ p 
X^/i O r- _»p: 

V tJD X p 5 

<y -< c * o ^ 


■ppooap — P 

S.H 25 a a ge, 

VP , O 'p §c3 
P P - , O ^ 

-- CP V pp c3 
P 4-> P P M W 
y CJ --n'P o Cf ri 


0 

52 

r*i 

P 

P CO 
p ^ 

.2 
- h4 

V3 

0 

>5 tn 0 ti ^ 

so>|S 

0 H 

Heclit 

1944 

ogc'^” 

C-ii-4 0 
♦ ^ 2 XrtJ 

S”cS 






c-^ a a 


cc 


CO Ci 

0 

r~l 

CJ P c P 
Xp X 0 


tc 


P 


r2 

Q 

X 

X 

p 

o 

X 


p o 


o 

X 


o 

X 


x^ . 

O J 
X X.- 




S'® . 

V*. 

^X 

v^ 0 

Sa 


75 P 0 
0 0 G 
O.P p 



"op 0 

, ci 

0 

cc 

0 p 

w . 

?3 

c 0 .r./ 
P C 


a^Y 
o 

fep5 


o c 
o o 
op 






HECHT AND MYERS : AURICULAR HEART SOUNDS IN AURICULAR FLUTTER 615 

trieiilar rate, 75). The QRS measured 0.07 second. Splintered initial ventricu- 
lar complexes were present in Lead III. T waves could not be identified in any 
of the standard limb leads. Unipolar ’ limb leads (extremity potentials) sug- 
gested a semiveidically placed heart. Unipolar leads taken over the second, 
third, and fourth intercostal space near the right sternal border and over tlie 
ensiform process (Ve) revealed small R waves and split S waves. A normal 
QRS pattern was present in standard precordial Leads V., to Yq. A U-shaped 
depression of the S-T segment, ■ with inversion of T,. was best seen in Yn, but 
occurred in other leads as well. These T-wave changes were thought to be 
caused in part by digitalis therapy. The flutter cycles were extremely constant, 
with an average variation of 0.009 second (0.002 to 0.022 second). When the 
patient returned several months later, normal sinus mechanism was present, 
with a heart rate of 88 beats per minute. The P-R interval measured 0.19 sec- 
ond. There was little change in the QRS and T , waves. The P waves were un- 
usually large and broad, partieularlj' in Leads I and II. Standard precordial 
leads showed biphasic P waves in Y^, and serial unipolar esophageal leads from 
the auricular level showed P waves over twice the size of the corresponding QRS 
deflection. There was a late intrinsicoid auricular deflection. The auricular 
changes in standard bipolar and in serial unipolar leads were diagno.stie of left 
auricular enlargement.^^ Unipolar extremity potentials suggested that the heart 
was more A^ertically placed than on previous examinations. On one occasion 
a transient A-Y nodal rhythm was present. 

Sound Records . — Sound records were obtained in the first ease with the 
stethograph attached to the Cambridge Hospital model. A nonlogarithmic 
microphone was used. In the second case the sounds and impulses were reg- 
istered vdth a Sanborn Tribeam electrocardiograph. A special chest piece was 
used, which allowed simultaneous registration of the sounds and of the me- 
chanical impulses from the same area (linear and stethoseopic phonocardio- 
grams). The chest piece was ecpiipped ivith two outlets. One was connected to 
a crystal microphone of a logarithmic t\y)e for the recording of sounds, the other 
to a piezoelectric transducer for graphic registration of the mechanical vibra- 
tions of the chest wall. The arrangement has been described by Rappaport and 
Sprague.^ Using a Lucas comparator, analyses of the time relations were made 
from the tracings and from enlarged photographs. 

In the first case, it was noted that, when the microphone was placed over 
the area of maximal intensity of the abnormal sounds, six, instead of the usual 
two, heart sounds were present (Figs. 1 and 2). The first ventricular heart 
sound appeared to be markedly accentuated. The second sound seemed re- 
duiDlieated, but close analysis revealed that the apparent splitting was due to 
an extra sound (SAS) which preceded the second ventricular sound by 0.055 
second. This extra sound consisted of a few sharp vibrations of high frequency. 
Following the second sound at an interval of 0:13 second, a few low-pitched 
vibrations were noted; their character, frequency, and time relationship to the 
second sound suggested a protodiastolic gallop sound {DG). Two additional 
sounds were recorded in diastole {DAS), which not only were similar to one 
another in fiequenc\, intensity, and duration, but also resembled closelv the 
systolic extra sound (SAS) described above. If it is assumed that another 
extra sound coincided with the fii-st ventricular sound and contributed to its 
unusual intensity, four extra sounds were present din-ing each cycle : one buried 
in the first ventricular sound, one shortly prceediiig the second sound, one in 
early diastole, and one in mid-diastole. These four extra sounds corresponded 
with the four flutter waves of the simultaneously recorded electrocardiogram. 
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Table HI. Case 2. Cyclic Variations of the Auricul.vr Sounds (in Seconds) 


A 

AURICUL-VR SOUNDS 
B 

C 

CORIiESrONDING 

A 

FLUTTER 

B 

CYCLE (ECG) 

C 

0.262 

0.260 

0.236 

0.257 

0.250 

0.254 

0.275 

0.262 

0.264 

0.259 

0.246 

0.233 

0.260 

0.250 

0.252 

0.272 

0.254 

0.232 

0.262 

0.254 

0.244 

0.276 

0.262 

0.263 

0.244 

0.260 

0.260 

0.253 

0.263 

0.292 

0.279 

0.276 

0.294 

0.316 

0.296 

0.291 

0.292 

0.278 

0.305 

0.302 

0.294 

0.274 

0.286 

0.297 

O.-lll 

0.295 


0.276 

0.246 

0.233 

0.252 

0.257 

0.246 

0.264 

0.246 

0.24S 

0.251 

0.258 

0.254 

0.245 


A = Interval between systolic and first diastolic sound. 

B = Interval between first diastolic and second diastolic sound. 

C = Interval between second diastolic and systolic sound. 

See note to Table II. Relatively little variation in cycie length is noted in the first and 
third group. Measurements on a number of other film strips were essentially similar to the 
one here represented. 


appeared loudest, and were also obtained from several other points over the 
precordiiim. Over the first aortic auscultation point, a simultaneous recording 
was made of mechanical vibrations and .sound effects with the electrocardiogram 
(Fig. 4). The analysis of the simultaneously recorded electrocardiograms and 
sound and pulse records was facilitated when the .speed of the recording film 
was increased from the usual 25 to 75 mm. per second. It gave the following 
results : 


The flutter waves of the electrocardiogram .showed a fairly constant rate of 
330 per minute. Occasionally slight slowing was demonstrable during systolic 
ventricular contraction (Table III), but accurate measurements were made 
difficult by the continuous movement of the string and the absence of sharp 
end points. 

Five mechanical vibrations were recorded. Two apparently coincided with 
the first and second ventricular sound and were of lower voltage than the le- 
maining three, ivhieh appeared evenly spaced, one hi systole (following the QRS 
complex by 0.4 second), and two in diastole. Again there was a .slight increase 
in the interval between the systolic and the first diastolic thrust, and a eoi- 
responding decrease in time between the first and second diastolic beat. 

Sound records over the same area (second and third right intercostal space 
at right sternal border) (Figs. 3 and 4) showed a loud, low-pitched sjsto ic 
murmur (SM). In some of the records, particularly when the two-out e c les 
piece was employed (Fig. 4), the murmur tended to obscure the first \entiicii 
lar sound (filter effect). Late in systole a loud snapping sound was pres- 
ent, usually the loudest sound of the cycle {SAS). This sound was fo oiiec i) 
the second ventricular sound (3S) by about 0.08 second. The secon soxm 
led into a shoi't, relatively high-pitched, decrescendo tjTie of diastolic nun nun 
{DAI). Two extra sounds wei’e noted in diastole. One of them appeaic in 
early diastole (DAS) and ivas usually somewhat less intense than eit ici ic 
systolic extra sound or the second ventricular sound. The second diasto ic 
sound appeared in presystole (FAS) and was usually fainter than any o e 
other sounds recorded. The three extra sounds, two in diastole and one m 
systole, were much alike. They were of short duration, rarely exceeding . 
second. With the technuiue employed, they .showed not more than about three 
to four rapid oscillations of relatively higli amplitude, which was .striking!} 
different from the pattern usually noted in “nonnaF’ auricular sounds or aiP 
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The diastolic extra sounds coincided rvith the trough of the flutter wave in the 
electrocardiogram. The trough also coincided with the first ventricular sound 
and immediate!}^ preceded the second ventricular soiind. Assuming an extra 
sound superimposed upon the first ventricular sound, the four, extra sounds 
would occur with regularity at about the same time in the flutter cycle of the. 
electrocardiogram. They were almost ecpialh’’ spaced, and the assumption that 
these sounds were linked to the auricular contraction can hardly he cpiestioned. 
With the establishment of normal sinus rhythm, the accentuation of the first ven- 
tricular sound, the extra sound in systole, and the two diastolic sounds were no 
longer present. 



Fig. 3. — Case 2. Upper tracing; Sound records taken over .second intercostal space, riglit 
sternal border. Lower tracing; Simultaneously recorded electrocardiogram. Lead HI. SAS, 
DAS, and PAS, auricular sounds; 2S, second ventricular sound (first sound buried in nun-' 
mur S.U) ; SM— £>.!/, to-and-fro murmurs of aortic insufficiency. Note that there are five heart 
sounds and two murmurs per cycle. 



Fig. .1. — Case 2. Upper tracing: Sound records taken over second intercostal space, right 
sternal border. Middle tracing: Impulses over the same area. Lower tracing: Simultaneous- 
r.y - recorded electrocardiogram. Lead III. SA«, DAS. PAS. auricular sounds, 2S, second ven- 
tnciUar sound (first sound buried in murmur SJI-DM, to-anO~fro murmur of aortic 

insufficiency. Intervals between auricular sounds in secondsv' 


Aceurale measurements of the interval between the extra sounds I'evealed 
distinct differences which were apparently dependent on the state of ventricular 
conti action. 7 he \ time between the systolic and the first diastolic oxti'ci sound 
was invariably longer than the time between tlic first and second diastolic sounds, 
oi, ill othsL voids, tile fiist diastolic extra sound appeared delayed. In coiiti’ast, 
the diffeiences between the second diastolic and the first ventricular sound and 
between the first ventricular sound and the systolic extra sound were infinites- 
imal (Table 11). 

Phouociu'diographic tracings in the second case were taken from the second 
and thiid intei costal spaces at tlie right sternal border, where the extra sounds 
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activity of the auricles became apparent bj^ a cliange in the intensity the first 
ventricular sound, whicli appeared loudest when the crest of the flutter wave pre- 
ceded the onset of QES by about 0.08 to 0.12 second. One is inclined to assume 
that the change in intensity of the first ventricular sound in their eases was at 
least in part caused by the influence of auricular contraction on the wave of 
ventricular filling and on the position of the atrioventricular valves. 

• Auscultatory phenomena directly or indirectly related to the auricle tend 
to become intensified in the failing heart, and may be manifested by gallop 
rhythm over the ventricle ; this is customarily explained by the inrush of blood 
pounding against the ventricular walls.^® 

In three of the cases included in Table I, the extra sounds were heard dur- 
ing heart failure and disappeared with compensation, despite the presence of 
flutter. In two of these eases, the extra sounds were best heard at the apex, 
suggesting a ventricular origin. The location of the sounds in these cases and 
the apparent relation to the functional state of the heart muscle justified the 
term “flutter gallop” in instances of this kind. This phenomenon could not 
account for the extra soiuxds in our eases for the following reasons: (1) The 
sounds were picked up at the base rather than at the apex; (2) One of the soimds 
occurred during ventricular systole at a time when the atrioventricular valves 
were closed. 

Our cases are the only ones on record. in which aiu’icular sounds of the 
fluttering auricle could be registered from the preeordium during ventricular 
systole. Loud auricular sounds beginning before, but ending during, the earlier 
part of ventricular systole have been recorded through a microphone placed in 
the esophagus.®’ Using such a microphone, systoHc auricular sounds have 
been observed in cases of atrioventricular dissociation,® and Taquini has pub- 
lished an esophageal phonocardiogram in a case of auricular flutter in which 
sounds synchronous with the flutter waves were present in ventricular systole 
as well as duiang diastole. Although it has been accepted that sounds caused 
by muscular contraction of the auricles can be recorded from the esophagus, 
many investigators contend that such sounds cannot be registered from the pre- 
eordium, and have assumed that precordial sounds associated with auricular 
activity are not produced in the auricles, but are set up secondarily in the atrio- 
ventricular valves or in the ventricles."’ ®’ The fact that, in both of our 

eases, loud sounds synchronous with auricular activity were recorded over the 
base during ventricular systole is against the foregoing hypothesis. 

The extra sounds in our two eases differed in several respects from the 
sounds reported in the other eight eases of flutter, as well as from the aurieulai 
sounds in normal sinus rhythm. Sounds directly or indirectly resulting fiom 
auricular contraction are usually heard best over the midpreeordium or at the 
apex (i.e., in the direction of blood flow), rather than at the pulmonary or aoitic 
auscultation points, as in our eases. The usual auricular sounds are much less 
intense and differ strikingly in pitch and quality from the clicking sounds pres- 
ent in our eases. These differences are also apparent in the phonocardiographie 
records. 

In view of the known pericarditis in Case 2, an auricular friction rub 
was considered. However, the auscultatory and phonocardiographie character- 
istics of the sounds in these eases differed markedly from the aimcular fnetiou 
rub described by otliers.-® 

The coincidence of the extra sounds in our cases with tlie trough of the 
flutter waves in the electrocardiogram indicates that tiiey were related in some 
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ricular sounds obser\'ed in atrioventricular block. Again the three sounds weie 
■ not spaced evenly : the first diastolic sound appeared to be delayed in some, 
but not in all, of the records obtained (Table III). 

The mechanical impulses recorded seemed to precede the sounds 'by a frac- 
tion of a second (Fig. 4) . Both sounds and impulses oceiu-red during the dale 
of the flutter wave in a simultaneously recorded Lead III. The over-aU fre- 
quency of these extra sounds and its mechanical corollary coincided very closely 
udth that of the fluttering auricle, for the delay of the first diastolic sound was 
made up by a slight shortening of the interval from the first to the second di- 
astolic sound (Fig. 4, Table III). The sounds disappeared after normal sinus 
rhjdhm had been re-established. It seems certain that the extra sounds and im- 
pulses recorded were closely related to the flutter movement of the auricles. 

DISCUSSION 

Electrophysiologically, auricular flutter and auricular fibrillation have a 
fundamentally similar mechanism. In both, a eontmuous wave of excitation 
travels in a strip of muscle around one or two of the large venous openings 
(mother wave) and gives rise to tangential offshoots which reach the A-V node 
at regular or irregular intervals. Minor differences in the speed and pathway 
of the excitation wave and in the responsiveness of auricular muscle determine 
whether auricular fibrillation or flutter is present. ]\Ieehanically, the differences 
between auricular flutter and auricular fibrillation are pronounced and funda- 
mental. Auricular fibrillation consists of incoordinate tremulations of auricular 
muscle which are incapable of properly filling the ventricular cavities at any 
time. Auricular flutter consists of rapid but rhythmic and coordinate contrac- 
tion of auricular muscle, as has been demonstrated clinically by careful fluoro- 
scopic examination vdth or without the aid of barium in the esophagus.^®* Co- 
ordhiate contractions in auricular flutter have also been demonstrated by the 
roentgenkymograph.^’’ 

Thus, conditions for the production of sounds from the auricles, namely, 
muscular contraction and propulsion of blood, are present in auricular flutter 
but are absent in auricular fibrillation. Auricular sounds have never been ob- 
served, and are inconceivable, in auricular fibrillation. There seems to be no 
doubt that the fluttering auricle was in some way responsible for the extra 
sounds recorded in our two cases, as well as in the others summarized in Table I. 

The extreme rarity of audible aiu-icular sounds in flutter is not unexpected 
when the incidence of audible auricular sounds in normal hearts beating in sinus 
rhythm is taken into consideration. The sound of the nonnal auricular con- 
traction is so low in intensity and pitch and so near the fli'st ventricular sound 
that it is ordinarily inaudible. Even when the auricular and ventricular con- 
tractions are widely separated by a conduction defect, the auricular sounds are 
not easily heard. The prolonged diastolic silence in auriculo ventricular block 
apparently facilitates detection of sounds from the flutteiing, as well as from 
the normally contracting, auricle. Four of the patients in Table I had auricular 
flutter and complete auriculoventrieular block, a rare combination of cardiac 
irregularities.^®’ Auricular sounds, with sinus mechanism, Avhich are below 
the threshold of the human ear are frequently recordable by phonoeardiogram 
( subsonic' ' auricular sounds). It is possible that routine phonocardiograms 
in cases of auricular flutter would reveal that auricular sounds are more common 
than has hitherto been supposed. 

The cases of Eoutier, Mamou, and Lemant® had atrioventidcular heart 
block and auricular flutter, but no direct auricular sounds. The rhythmic 
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3. Two alternate explanations are offered for the sounds observed: The 
flutter contractions of the auricles may have been audible because of their un- 
usual forcefulness, or an “auricular click” associated with pleuropericardial 
adhesions may have been present. 
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way to the flutter movement of the auricles. The ability to palpate and graph- 
ically record an impulse coincident with the extra sounds and flutter "wave in 
Case 2 would suggest that the contractions of the fluttering aurieles were ex- 
ceptionally strong', pei'haps sufficient to account for the unusual quality and in- 
tensity of the sounds. The location of the sounds and impulses in the second 
intercostal space on the right may have been due to cardiac displacement or to 
transmission from the right auricle into the superior vena cava. The fact that 
the extra sounds in Case 1 became distinctly louder shortly after the intravenous 
injection of cedilanid also suggests a possible relationship between the strength 
of the muscular contraction and the intensity of the soimds. However, this 
explanation does not account for the delayed appearance of tlie auricular sound 
located in early diastole. The interval between the anriciilar sound which fell 
during ventricular systole and the next auricular sound in protodiastoie was 
often, although not always, distinctly longer than the intervals between any 
other pair of auricular sounds. This was observed in both cases and has not 
been noted before. 

The postsystolie delay, together with the clicking quality and unusual 
loudness of the sounds associated with the flutter movement, raises the question 
whether they were extraeardiac in origin, i.e., possibly caused hy adhesions 
drawn taut by the flutter contractions. The apparent forcefulness of the au- 
ricular beats in both eases would also support this explanation, as does their in- 
crease in intensity following the intravenous administration of digitalis. “Sys- 
tolic ventricular clielis'' are aggravated hy increasing the force of ventricular 
contraction.^” The delay in the sound which followed ventricular systole might 
be explained by the change in position of the heart associated with ventrieulai* 
contraction. The character of the sounds resembled the “systolic ventricular 
click” which has been reported in association with pleuropericardial adhes- 
ions.””"”” Assuming an “auricular click” as the cause of the sounds ohsem'-ed, 
it should be noted that pleuidsj’' and pericarditis were present in Case 2 at the 
time the auricular sounds were heard. Extensive pericardial adhesions were 
found at autopsy in one of the eases of auricular flutter with audible auricular 
sounds.^^ However, no evidence of active or adhesive pericarditis was found in 
Case 1. 

SUAIMARY 

1. Two cases of auricular flutter iu whicli audible auricular sounds were 
graphically recorded are added to the eight cases already reported. 

2. The cases presented were unusual in the following respects ; 

a. The exceptional loudness of the auricular sounds, which approached or 
exceeded the ventricular sounds in intensity, 

b. The point of maximal intensity in the pulmonic and aortic auscultation 
points, respectively, 

e. The presence of palpable and mechanically recordable impulses syn- 
chronous with the auricular soimds and the flutter waves in one ease, 

d. The intensification of the sounds by the intravenous injection of a diri- 

taiis glycoside iu the other ease, * 

e. Perfect sjmchrony with the flutter wave of the electrocardiogram except 
in the cycle immediately following ventricular systole, where there was a slight 
hut significant delay in the appearance of the sound, 

f. The clieldng character of the sounds, 

g. The occurrence of a loud auricular sound during ventricular systole. 
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6,7^0 per cubic inillimeter with 53 per cent polyinorphonuclears, 40 per cent lymphocytes, 
3 per cent monocytes, 2 per cent eosinox>hiles, 1 per cent band forms, and 1 per cent Turk’s 
cells. The hemoglobin was 114 per cent (Sahli). An erythrocyte count was not done. 

On the third day of the illness the blood pressure was 114/72. The temperature was 
,08.6° P., a.nd it remained normal thereafter. On .the seventh day of the illness, the sedi- 
mentation rate of the erythroc 3 ''tes was 20 mm. in one hour ‘(Wentergren). 

An orthodiagram (Pig. 2) fifteen days after the patient was first seen showed a 
smaller transverse diameter of the heart, with a more nearly straightened left border. 

The patient returned to work three weeks after the onset of this attack. He has had 
no recurrence of discomfort, and his functional capacity has not been impaired. 




As will be noted in the series of electrocardiograms (Pig. 3)j there was a change 
from the first apparently normal tracing (Tj negative) to partial flattening of the T waves 
in the standard leads, slight inversion of the T wave in precordial Leads CP,, jauJo <’»nd 
flattening of T in CPs two days later. The p.artial flattening and inversion of the 1 waves 
disappeared on the si.xth day e.xcept in the precordial leads, where the flattening persisted. 

The electrocardiogram ajjpe.ared to be consistent with a diagnosis.of pericardial irri- 
tation, even though the RS-T segments were not significantly elevated. No abnormal Q 
waves were present, and there was no reciprocal depre.ssion of the S-T segment which is 
frequently noted in coronary occlusion. Had further studies been made, it is possible that 
more inversion of the T wave.s in Lead.s I and II might have been found. 

The changes in the configuration of the heart shadow, as .shown by the orthodiagrain, 
offered additional eonfirmatory evidence. 

Case 2. — G. E., a white male truck driver, aged .30 years, gave a history of pain in tliu 
midanterior chest, radiating in all directions, and later to the medial surface of the left 



ACUTE BENIGN PEEICARDITIS 

A Report of Two Oases in Young Adults 

■\VlLLIA]!iI G. Talmage, M.D. 

SuCG^ISUNNA, N. J. 

T l-1 0 frequency, until which fatal heart disease has been found in young adults 
at autopsy makes it imperative that continued efforts be directed toward 
the early recognition of cardiovascular disease that may be of a benign nature. 
This is particularly true in this period of universal war, when both the civilian 
and soldier are being subjected to unusual and prolonged physical strain. 
Pericardial irritation has long been recognized as of frequent occurrence in 
rheumatic fever, the earlier stages of acute coronary occlusion, cardiac trauma, 
and, less frequently, in tuberculosis. Relatively few cases' have been reported 
in which the only preceding incident was a common cold. 

Barnes and BurehelP recently reported fourteen eases of acute pericarditis 
of benign, nonsuppurative nature; serial electrocardiographic studies differ- 
entiated the condition from acute coronary occlusion. Katz, et al.," and Scott, 
et al.,^ in 1929, introduced both experimental dnd clinical evidence in support 
of the diagnosis of acute pericarditis by means of the electrocardiogram in 
animals and man, respectively. Wiggers,'* in 1930, experimenting with surface 
application of potassium salts to the pericardium of animals, obtained electro- 
cardiographic changes closely resembling those later noted in eases of proved 
pericarditis. The largest group of cases (fifty-seven) was reported by Bellet 
. and McMillan, = in 1938. 

Two additional eases with complete clinical recovery are being reported 
because of their occurrence in young people, the initial resemblance to acute 
coronary occlusion, and the changes found in standard and multiple precordial 
lead electrocardiograms and the orthodiagram. 


CASE reports , 

Case 1. — W. B., a white male powder worker, aged 24 years, gave a history of severe 
clamping precordial pain of twelve hours ^ duration, gradual in onset and progressive in 
severity. When first seen he was pale, with a cyanotic hue to the lips and nail beds, and 
was dyspneic, orthopneic, and weak, but not perspiring. 

The patient stated he had had a slight cold a week previously, but had continued to 
work. There wms no past history of cardiovascular disease in this man or his family. For 
eight months he had had a recurrent discharge from one of his ears following traumatic 
rupture of the eardrum. 

Physical examination revealed a definite friction rub, best heard in the second and 
third left intercostal spaces close to the sternum. The heart sounds were of poor quality, 
with no murmurs or arrhythmias. The lungs were normal throughout. There was slight 
tenderness in the epigastrium. The liver was not palpable, and the abdomen was other- 
wise normal. The extremities w'ere not edematous. There was no evidence of peripheral 
Avascular disease. The blood pressure was 120/80. 

Further examination by means of the orthodiagram showed slight generalized cardiac 
enlargement (Pig. 1). 

Tueutj hours after tlie acute onset his temperature Avas 102° P., his pulse rate 96 
and regular, and his blood pressure, 120/SO. The friction rub was more pronounced The 
following day the temperature was 99.8° P., the pulse rate, 94, the rhythm, regular, and 
th^od pressure, 100/80. The friction rub had disappeared. The leucocyte count was 
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Tliere were no signs of peripheral vascular disease. The temperature was 9S° P., the pulse 
rate, SO, and the respirations, 36. The blood pressuie was 106/7S. The sedimentation rate 
of the er^'throcytes was 3 mm. in one hour (Westergren). The leucocyte count ivas 10,4S0 
per cubic millimeter, with 80 per cent polj'morphonuclears, 10 per cent lymphocytes, 4 per 
cent monocytes, and 6 per cent basophiles. The hemoglobin was 104 per cent (Sahli). 
The erythroc 3 'te count was 4,790,000 per cubic millimeter. 
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-Case 2. Description in text. 


On the folloning daj' the oral temperature was 100® F., the pulse rate, SO, and regu- 
lar, and the respirations 30. The friction sound was more pronounced, orthopnc;t was still 
present, and the imin was de.-,eribed as a soreness in the iirecordium. On the fourth day 
his temperature, pulse rate, and respirations were normal; the blood pressure was 110/60, 
and both the friction rub and pain had subsided. By the eleventh day of the illness the 
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Upper arm to the elbow as an ache. This occurred while driving a- truck at night, 300 miles 
from his home. The pain was accentuated by respiration and movement. He felt weak 
and perspired. He stopped, the truck and slept two hours, during which time the pain sub-, 
- sided, and then he drove home. The pain recurred fourteen hours later and became pro- 
gressively worse overnight. 



There was a liistory of >slight nasopharyngitis a week previously. The patient's and 
his fumiiy history were negative for cardiovascular disease. 

_ On phy.sical e.vaniination, thirty-three hours after the onset, the patient was orthop- 
neic, pale, and apprehensive. There was a short presystolic scratching friction rub in the 
lower sternal region. There were no murmurs or arrhythmias, and' there was no evidence 
ot cardiac enlargement on percussion. The lungs, abdomen, and extremities were normal. 




ELECTKOCARDIOGRAPHIG CHANGES IN ACTIVE DUODENAL 
AND GALL BLADDER DISEASE 

» * Norman E. Clarke, M.D.'^ 

Detroit, Mich. 

A GROWING- literature attests the relationship between upper right ab- 
dominal disease and attacks of acute substernal pain which simulate 
angina pectoris or even coronary occlusion. The subject has been presented 
recently by Miller^ and Levy and Boas.- An accurate differential diagnosis 
is essential, especially when surgical risk is involved. 

The pain of coronary occlusion is sometimes referred to the abdomen and 
resembles that of acute upper abdominal disease. In such instances we I’ely 
heavily on the electrocardiogram in the differential diagnosis. Our aging pop- 
ulation has produced a higher incidence of associated gall bladder and coro- 
nary disease, and, rarely, acute conditions in both occur simultaneously. 

The following records are of patients who had active gall bladder or duo- 
denal disease ; their acute attacks of pain Avere referred to the substernal re- 
gion and resembled angina pectoris or coronary occlusion. This type of patient 
presents a serious problem, and emphasizes the importance of the gastroin- 
testinal tract in cardiology. It is important that th§ electrocardiographic 
changes Avhich are found in the presence of these diseases be not misinter- 
preted. The electrocardiograms of these patients shoAved an unusual altera- 
tion Avhich may be important in the differential diagnosis of acute duodenal 
or gall bladder disease and coronary occlusion. 

CASE REPORTS 

Case 1. — Ristory. — This 4-1-year-old man had experienced vague abdominal distress for 
many weeks, and had taken soda to relieve upper abdominal and lower chest pressure. His 
acute illness occurred in April, 1940. While removing his car from the garage after break- 
fast, he was seized Avith severe burning pain beneath his sternum which did not radiate, 
was made worse by movement, and lasted five minutes. He continued with his usual activ- 
ities during the following few iveeks, and had several similar but less severe substernal 
pains after exertion which Avere relieA'ed by rest. While performing strenuous activity he 
had a more severe attack of substernal pain Avhich AA-as accompanied by SAveating, mild 
nausea, and prostration. This attack required morphine, and, during the foUoAving night, 
he Avas aAvakened by a most severe attack of substernal pain, with nausea, vomiting, SAveat- 
ing, and the appearance of shock, which again required raorplunc for relief. 

Examination. — ^He Avas seen ten hours after his last seA-ere attack of pain, Avhen ho 
Avas free of symptoms. His pulse rate Avas 72, and his blood pressure, 100/60. The pupil- 
lary and tendon reflexes Avere normal, and nothing unusual was noted in the lung.S. Exami- 
nation of the heart and blood vessels Avas negative. Slight, deep, epigastric tenderness 
Avas noted. Fluoroscopic examination of the chest a feiv days later shoAved nothing abnor- 
mal about the lungs or diaphragm, and the heart and aorta Avere of normal size and shape. 

Electrocardiogram. — Fig. 1, A, taken ilay 10, 1910, the day after his most severe at 
tack of substernal pain, shoAvs normal limb leads, but CIl, shoAvs an isoelectric E-T segment 
and a positive-negative T Avave, the inverted portion being deep and pointed. Fig. 1, h, 
taken .Tune 10, 1940, just prior to ulcer therapy, but after four AA'eeks of rest in bed, shows 
the same, but Ic'-s marked, changes in the T vauacs of Lead CK,. Fig. 1, C, aaus taken July 2, 
1910, after three AAeeks of treatment for the duodenal nicer, and is normal in all four leads. 
Fig. 1, 71, Avas taken Nov. .1, 1913. The standard limb leads and chest Leads (JEi. sanjs are 
normal. 
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leucocyte count had dropped to 6,760 per cubic millimeter, with 59 per cent polymorphonu- 
clears, 38 per cent lymphocytes, and 3 per cent monocytes. The erythrocyte count was 
practically unchanged. 

Fluoroscopic examination three and one-half weeks after the onset revealed no evi- 
dence of pericardial fluid or cardiac enlargement. The patient returned to work, and there 
has been no recurrence of symptoms. 

The electrocardiograms in this ease more strikingly correspond to the accepted pat- 
tern of acute pericarditis (Fig. 4). Note the early elevation of ES-T, ,„a 2 and the inversion 
of T 3 , with the normal precordial series, then the return of ES:T to normal, and the gradual 
inversion of the T waves in all other leads (except in Lead II, where it became somewhat 
dome-shaped). These changes appeared first in Lead I and the precordial leads and sub- 
sequently disappeared. Tj changed from negative to positive and then returned to neg- 
ative. There were no abnormal Q waves and no reciprocal depression of the S-T segment. 


SUMMARY 

Two cases of acute benign pericarditis of unknown 'cause are reported, 
with multiple lead electrocardiographic changes in both, and significant changes 
in the orthodiagram in one. Both eases occurred in young adults without pre- 
vious cardiovascular disease. In each ease there was a history of a recent 
upper respiratory infection. The onset in each was suggestive of acute coro- 
nary occlusion. The period of disability in Case 1 was twenty-one days, and, 
in Case 2, twenty-eight days. Both patients returned to full duty. No recur- 
rence of symptoms has been noted to date. 

In Case 1 an electrocardiogram eight and one-half months after the acute 
attack was normal. 
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abdominal masses or riseera. The extremities were negative. Fluoroscopic cxamiuafion 
of the chest revealed normal heart and aortic shadows and clear lungs. 

Electrocardiogram . — An electrocardiogram bad been taken in 1934 and reported as 
normal. Fig. 2, A, was taken at Ids initial examination on April 29, 1940, and shows a llat- 
tened T,, with slight plus-minus inversion; OR, has a normal E w-ave, the R-T semnent is 
isoelectric, and there is a positive-negative T wave, with the inverted portion sharpl/pointed. 
Fig. 2, B, was taken May 7, 1940, and shows normal limb leads and the changes previouslv 
noted still present in CR,, but with lower T-wave amplitude. On April 29 1941 Pjir o q 
was taken and is normal; tlie T wave in CR, is now entirely upright and"* of normal conTour 
and amplitude. His latest curve, Fig. 2, D, taken Feb. 3, 1944, includes chest leads CR. , 
and is normal. 

Treatment and ProgTess.-~S.e was in the hospital during May, 1940.'' The gastroin- 
testinal roentgenologic examination revealed “diverticulum of the duodenum, with^signs of 
irritability. “ After several weeks of rest and dietary and medical treatment, tlie symp- 
toms disappeared except for slight distress in the lower sternal region on exertion. On 
Feb. 3, 1944, he was free of all symptoms and was earrjdng on his regular work, but ho 
was still following dietary restrictions. 



A. B. c. B. 

Fiff. 2. — ^Diagnosis: acute duodenal diverticulitis. .1, taken .Vpiil 29, 1910, twenty-four 
hours after .attack of severe substernal pain, show.% that the T wave in l^ad CRt if p!u.s-ininu.s 
diphasic. B was taken May 7, 1940, eighteen hours after severe Jittack of sub.sternal pahw, 
Uio T wave in Lead CRi is still diphasic, but of decreased amplitude. C' vtas taken -Vpril 
19 41, after dietary and medical treatment, and is normal. B, taken Feb. 3, 1911, Is noimai 
in all four leads. 


Oa.se 3. — History. — jiliysician, 57 years of age, Jiad attacks of substern.-J, .squec/.ing 
distress which occurred with or without e.vertion and had been present over a period of twche 
years. These pains wore associated with definite abdominal distress, bloating, and heiching. 
Of late years the substernal, squeo/.ing pain had been accompanied ity an ache in both tunm. 
Certain foods, as well as e.vertion, would precipitate an attack, tsnd rest or a .-edative would 
u.mally bring relief. He liad had an attack of acute cholecyst iris twenty-five yetir.s before, 
and ten years before was told that he had coronary oeelusion and would not live six month.'. 
Ill August, Itffl, while vialking, he suffered his most severe attack of con.'trieU'ng .siibstenjal 
pain whiclt did not r.uliate, and was us'm-iated with marked gastrie distress. .Standing -still 
gave relief, hut he was able to walk several blocks to his- home. Jfe perspired profu.'ejy, 
vomited, and n-rjuired morphim*; he was in a state of mild .shock. He felt ijorfcctly well the 
ne.vt moniing, and his later recovery was rapid and uneventful. 
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Treatment and Frogress.—R& was hospitalized in May, 1940, after his last severe at- 
tack of substernal pain, and a few weeks later a gastrointestinal roentgenologic examina- 
tion revealed; “Chronic duodenal ulcer, with associated' irritability and spasm suggesting 
activity at this time.” He ivas placed on ulcer therapy June 11, 1940. On July 2, 1940, 
he was free from all symptoms, but in December, 1940, he noted a slight burning pain in 
the lower part of the right hemithorax, radiating up to the substernal region, which oc- 
curred following exertion after meals. On Nov. 3, 1943, he was free of symptoms. He had 
been working very hard since December, 1940, without dietary restrictions, and there had 
been no recurrence of the chest pains or any other symptoms. The upper gastrointestinal 
roentgenologic examination, made Nov. 4, 1943, showed “slight deformity of duodenal bulb, 
but no e\'idence of activity. ” 
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Figr. 1. — Diagnosis; acute duodenal ulcer. A was taken May 10, 1940, after an acute 
attack of chest pain ; the limb leads are normal, and the T wave in CRi is plus-minus diphasic. 
B, was taken June 10, 1940, just prior to starting ulcer therapy, but, after four weeks of 
rest in bed, the diphasic T wave in Lead CR« was less pronounced. G was taken July 2. 
1940, after three weeks of ulcer therapy, and all leads are normal. D, taken Nov. 3, 1943, 
includes chest Leads Ci -3 mm 5 , and is entirely normal. 


Case 2. — Ilistory. — This 47-year-ol(] man had had “stomach trouble” for thirty years. 
Eating certain foods would cause flatulence, hyperacidity, and vague abdominal distress. 
A gastrointestinal roentgenologic examination, done in 1936, showed “mild spasm of the 
p\'lorus, Avitli a few retained flecks of barium in the lirst portion of the duodenum, but no 
filling defect.” Appendectomy was performed at that time, and his abdominal symptoms 
were relieved until March, 1940. During a long walk he suddenly had severe pain which 
was squeezing in the precordial and lower sternal regions and radiated into the left arm. 
Standing still gave some relief, and he was able to continue on to his home. On the fol- 
lowing days he had similar pains which were less severe. 'While at rest in bed he had a 
very severe attack of pain in the chest which radiated into both arms, and the left arm 
continued to ache for several hours. There was no nausea or vomiting, but he sweat pro- 
fusely and was dyspneic. The succeeding night he was awakened by a similar severe pain 
which spread over the entire anterior portion of the chest. 

Examination. ^He was seen a few days after hi.s last severe attack of pain, when he 
was free of symptoms. His resting pulse rate was 72, and his blood pressure was 130/90. 
The pupillary and tendon reflexes were normal, and examination of the fundi was negative. 
Both lungs were normal, and the heart was of normal .size; its rhythm was regular, and 
the sounds were good, with no murmurs and normal accentuations at the base. There was 
slight tenderness deep in the epigastrium, but no muscle spasm, and there were no palpable 
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Acute inflammatory and ulcerative conditions involving the gall bladder 
or duodenum cause iridtation and spasticity of surrounding structures and 
create stimuli which act reflexly through autonomic pathways^ to restrict or 
in some other manner alter the coronary Mood supply, so that existing minor 
deficiencies in the coronary circulation become manifest. It seems probable 
that people with acute duodenal or gall bladder disease whose electrocardio- 
grams show the transient changes I have described do have minor alterations 
in their coronary circulation ; otherwise, all people with such acute conditions 
would show similar electrocardiographic patterns. 

These cases are presented not to deny the presence of coronary artery 
disease, but to shoAv that acute upper abdominal disease can prematurely 
reveal subclinical changes in the coronary circulation. This characteristic 
pattern in the electrocardiogram should not be interpreted as indicating coro- 
nary occlusion. Others have observed the relationship between the gastro- 
intestinal tract or gall bladder and cardiac symptoms. 

In Case 3, with acute gall bladder disease, the existing changes in the 
coronary circulation or the reflex stimulus may have been greater or of longer 
duration thair in the others, and, accordingly, the temporary change in the 
electrocardiographic pattern involved not only the chest lead, but the limb 
leads as well. However, if there was any disease of the coronary arteries or 
a diminished coronary circulation, it was still below a clinically diagnosable 
level, and was revealed by an upper abdominal disease crisis. The alterations 
in the electrocardiogram were caused by temporary myocardial ischemia and 
in all instances disappeared. 

It is debatable whether chronic or acute gall bladder disease is harmful 
to the heart. I believe that these eases .show that it can be an aggravating 
factor in heart disease. The repeated crises of the abdominal disease, with 
temporary embarrassment of a possibly, although slightly, altered coronary 
circulation, certainly influence the future welfare of that heart. These records 
suggest a diagnostic change in the electrocardiogram, and point out the de- 
sii’ability of prompt corrective measures to safeguard such patients against 
repeated disturbance of their coronary circulation. 

CONCLUSIONS 

1. Three instances of syndromes like coronary occlusion which were in- 
duced by acute upper abdominal disease are reported. 

2. A constant, but not pensistent, change was noted in the T waves of the 
electrocardiograms. 

3. The relation.ship of upper abdominal disease and heart symptoms is 
disemssed. 
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was fc'sl “ March, -Mil, tlm-mg aa attack of suhsternal. 

,»ia He was pale and emotionally distarbed, the papillary and tendon redeses were 
rrmal the teeth wore in poor condition, the heart rate was 48, and the blood pres are 
was la’s/SO The langs were normal, and the heart was of normal size; its rate was slow, 
the sounds were "ood, tlie accentuations at the base were normal, and there were no mur- 
murs Idiere was" distinct tenderness in the upper right quadrant of the_ abdomen, but no 
palpable masses or viscera, and the extremities were negative. During his acute attach in 
August 1941 the blood pressure was elevated to 160/74, while the pulse rate remained at 
48 His leucocyte count was 14,000, with a normal differential count, and the count dropped 
to 7,600 within thirty-six hours. There was no rise in temperature. Several weeks after 
this acute attack, eholecystogrums were reported as showing evidence of chronic cholecystitis 
Electrocardiogram.— ms first electrocardiogram, Fig. 3, A, was taken May 9, 1940, and 
shows bradycardia and slight elevation of the E-T segment in Lead I and a normal CE,. 
Ei<r 3 B was taken twelve hours after his severe attack of substernal pain in Augnist, 1941, 
and show's slight elevation of the E-T segment in Lead I, depression oi the same segment in 
Lead III, a plus-minus T wave in Lead I, and a minus-plus T wave in Lead LEI. The T wave 
in GEi shows the same plus-minus change. Fig. 3, C, taken three days later, on Aug. 13, 1941, 
shows similar, but. less marked, changes in the T waves of Leads I, III, and CE,. Fig. 3, D, 
was taken Nov. 23, 1943, and reveals; normal limb leads and a normal . CE,; the amplitude 
of the E wave has returned to its former normal, and the T wave is upright. 


v 4 :/ 






• HVMSfiSVICit 4 ■ 

l.fli \l««A%4a« "**• 

■ «ii 4 


mwft 


•I 


. t AIM. • * . 

.• I <4 . / 4 ri . * 

'•« ar*** . > . a. I 

Ofciw. < h « • 

T*. T.** 

■ V < 

ukrfr A:« 4 «»«r* *4 . .. < i 

• fVAAAAaiVXiljluatAAAAAAAtat.; ,. 11 , 4 '. .. 

'/If* s . 

va«f f<aic Tk 141 .. .SMI. ■ t . • 

^4. t .••• .%•*. • 

««;«• t. t<.4r n I f *:.«.•*} *. 

Mm • <1 »’*».;*l** *• 


.. ... * i « » > 






jL .3 


.■jk.M.aS., a * . 41.4 

Ml'’ j’kAiaa «.«•'•<>**. *• • • . « s'. 

aaa« 4 * .raa 

A r •« 4 «k> '«<t« f «« 4flyi4«V 44 ■ . 1 ' • 

4aa. iM ...s.. i. 

./ranni • *”r* • i i* aVmT. 4* :• 

•H'lkfl* 44 M 4» . V Bi. .* « t. . _ 

. ■ 4 'aAAJh’.BBiiS.;' , I . ss 4U ■ . • 

D 44 * . ) linak,ll> ,iM4a«.4«.. I'M*.. . 2 . 

^ i. I I I*. . y 


"4 .1 1 ^ a la .1 1 '• S .T I V •, « 
.IIV « a ll Va, I 

.Tl'-,'*!* «,• 

la. 4 


I 4 « I 


C/f.TT" 


■ v/a-* a. - A p.rA , a. . . . . * ' 

Al .1 S 4«4 1 

i«' 4 i^B 4 :rfr‘« 4 «ti«(i»,« 4 ..t. •• r'“' tt 

fc'. ’ 
■. 4 II«P S ■•••AV.I.S I 1 . .• « 1 • «, aj ' 

.1 ^ . A.14« t'.ai 4f ■4>t 4P • 

iifiar kiisia«skbi , . . 

• j>>ai«iBa».p«‘4 4.«cp .piaj. 
fR4 4B,.dl44aa . 

j4'kB»<«ei.a«4V4y4*. 4 r . « *' .... a. . 

.«■ Ph 1414 . AAKj .Ik P*. !«««««■ , .• 

IVlaliariM jM.a ■ - .#••• . S - , . i 

WAi'.VOJrapaa- ;I4 I - . ;.4' . 

Maw*. Mill' ., •• 

i;,v 4 .k I SAP*, s ,’!• • '*■ 

•k.'pik 

at an tA ■■14««a»rAit««AP«a As* . '• 
-paaaptvWkt-apwaMwiisiMMb^* ' ' 


.< . li 


•_» 4 . > P 




»v* 

Ml* 



A. B. C. D. 

Fig. 3. — Diagnosis; acute cholecystitis. A was taken May 9, 1940, and shows brady- 
cardia, but otherwise is normal. B was taken Aug. 9, 1941, twelve hours after attack of 
severe substernal. pain; the R-T segment is elevated in Lead I and depressed in Lead III; 
Ti shows plus-minus, and Ts, minus-plus inversion ; in CRj the R-T segment is isoelectric and 
the T wave shows a plus-minus inversion. 0 was taken Aug. 13, 1941, and shows brady- 
rardia and similar, but less pronounced, changes in the T waves of Leads I, III, and CR 4 . 
D, taken Nov. 23, 1943. is normal; the R wave in CRi which was decreased in the electro- 
cardiogram of Sept. 25, 1941, has assumed its former amplitude. 


DISCUSSION 

There are many conditions ivhieli temporarily alter the electrocardiogram. 
Recently, Seherf, et al.,^ have discussed electroeardiographie changes which 
they -attribute to acute hemorrhage froni duodenal ulcers. However, they ob- 
seived that the electrocardiographic changes ivere not altered by transfusions, 
nor did they bear any relationship to the hemoglobin content of the patients’ 
blood. 



Fig. 1. — A-V nodal rhythm: sinus rhythm. In each of the figures the conventional limb 
leads are shown on the upper line. Below are the simultaneously recorded Leads I and III 
in the frontal (F), horizontal (H), and sagittal (S) planes, placed in that order from left to 
right. In the photograph below the electrocardiograms, the blach wire represents the direction 
of movement of the atrial electrical axes for consecutive intervals of 0.01 second. The 
shadows cast by the wire reproduce the graphs obtained for the frontal and sagittal planes. 

In Fig. 1, the group at the left represents the consecutive atrial axes during A-V nodal 
rhythm ; that on the right represents sinus rhythm in the same patient. 



Fig. 2. — The direction of the cons^-cutive atrial electrical axes in two additional cuhcm of .W 

nodal rhythm- 



MO]\IENTARY ATRIAL ELECTRICAL AXES 


III. A-V Nodal Rhythm 


Arthur Ruskin, M.D., and George Deci-ierd, M.D. 
Galveston, Tex.vs 


W E HAVE previously described the patterns obtained by graphing' in three 
dimensions the consecutive momentary atrial electrical axes in sinus 
rhythnd and in atrial flutter, atrial fibi-illation, and paroxysmal tachycardia. - 
Using the same methods we have obtained similar data from patients vdth A-Y 
nodal rhythm. 

Typical A-V nodal rhythm is characterized in man by the presence of nega- 
tive P waves in Leads II and III of the electrocardiogram. Since the early ex- 
penments of Gaiiter and ZahiU’ ■* and ileek and Eyster,'' the position of the P 
wave in relation to the QRS complex has been taken to indicate the position of 
the nodal pacemaker in the upper, middle, or lower portions of the A-V node, 
Avith atrial excitation oeeiuTing before, with, or after ventricular excitation, 
respeetiA''ely. Scherf® conceived that a change in the position of the pacemaker 
Avas not essential to variation in the relation of the P AAmve to the QRS complex, 
but that dela 3 ^ in infranodal conduction might cause a positive P-R interval in 
cases in Avhich atrial and ventricular complexes Avould otherAvise liave been super- 
imposed. Rothberger and Seherf" found that the speed of retrogi'ade conduc- 
tion from the node to the atria might affect the relatiA'e position of the P and 
QRS comple.xes in experunental animals. Reeentl.y, Langendoid, Simon, and 
Katz® have cited clinical examples Avhieh suggest that tlie relative speeds of 
retrograde and antegrade conduction from a single nodal pacemaker maj’' ex- 
plain the variable positions of the atrial and ventricular complexes. 

A distinct varietj'' of nodal rhythm is that in Avhich the P AvaA^es are upright 
in all leads, AAuth a P-R interval of 0.12 second or less. This is often referred 
to as a “coronary” nodal rhythm, and the pacemaker is assumed to reside in 
those ramifications of the A-V node Avhich adjoin the coronaiy .sinus. The state- 
ment that at least 0.12 second is consumed in the passage of the impulse through 
the nodal tissue to the ventricles implies as a corollaiy that the pacemaker must 
be Avithin the node Avhenever the P-R intei-Aml is ecpial to, or less than, that 
figure. Other alternatiA^e interpretations will be discussed later. Tliis t3y)e of 
nodal rhythm is not uncommon clinicallA^ 

On the otlier hand, A-V nodal rhythm Avith negative P Avaves in Leads II 
and III is rare, and often transient. IVe ha\'e been able to study five examples 
of this mechanism by means of chest leads .so placed that the EinthoA^en triangles 
Avhicli Avere foimed lay in the frontal, horizontal, and sagittal planes.^ Our earlier 
experience Avith this method led us to the conclusion that the cuiwe.s and three- 
dimensional models constructed from such electrocardiographic data might be 
modified bA’' changes in the site of the pacemaker, in the position of the heart, 
or by the quality of the myocardiimi as a conducting medium. In this paper we 
are concerned chiefly with the demonstration of the sequence of atrial excitation 
Avhen the pacemaker of the heart is in the A-V node, as reflected in the sequence 
of changes of the mean atrial electrical axes. 


Carcliovas'cular*^ SeiTjcro^f 'the'^ John^^Sei\y Hospitel!''GafveIfon.^ School of Medicine, and the 
Received for publication Sept. 13. 1944. 


633 



636 


AMERICAX HEART JOURNAL 


anticipated that the P of Lead I would have been negative in this ease, but it is 
virtually isoelectric. 

“Coronary” Nodal Rhythm— In Pig. 4 we have shown the electrocardio- 
grams, and models eoirstructed from them, derived from two patients with the 
.so-called ‘-coronary” type of nodal rhythm. In these instances the P-R inter- 
val is 0.10 and 0.11 second, respectively. The curves in these ca.ses differ in no 
way from those obtained from patients with sinus rhythm; both cmwes point 
down, forward, and to the left. This indicates that the .spread of e.vcitation 
over the atria is similar in “coronary” nodal rhythm to the .spread in sinus 
rhythm, iasofar as this may be deduced from the consecutive electrical axes. 
It also suggests that the site of the pacemaker, or rather the point at which the 
impulse entei-s the atria, is very little different in the two types of rhythm, if, 
indeed, there is any difference at all. The cpiestion logically arises as to whether 
or not this variety is genuine nodal rhythm, with the pacemaker within the A-V 
node. This ciuestion has been raised before, and will be elaborated upon. 






•:i 





of the fS-A node by the first Stannius liijature; lie assumed that under these cir- 
cumstances the pacemaker of the heart was on the ventricular side of the A-^ 
ring. Lohmann” corroborated these conclusions in the mammalian heart. He 
also confirmed the Stannius-iMunk phenomenon — the production ol nodal rlnthm 
by needling the A-V nodal region (Briickc-nfasern). 

Zdlm and his a.ssociates^' ’ later attempted to localize the scat of impulse 
formation more exactly within the A-V nodal ti-ssue, and showed that the atrial 
rate was affected by cooling the upper part of the A-V node near the coronary 
sinus in those e.isis in which atrial preceded ventricular contraction. When 
atrial and ventricular contractions wore simultaneous, the middle poition of the 
node appealed to contiol impul.se formation, and when atrial followed ventricu- 
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RUSKIN AND DECHERD: MOMENTARY ATRLVL ELECTRICAL xVXES 
EXPERniENTxVL RESULTS 

Cases in Which There Were Negative P Waves in Leads 11 and ///.—Fig. 1 
contrasts the curve of the momentary axes when the pacemaker is in the A-V 
node, with that obtained when the impulse originates in the S-A node. In nor- 
mal hearts with sinus rhythm the curves usually run smoothlj’ do^vn, vaiiably 
forward, and to the left.^ In this ease the curve during sinus rhythm is not 
clearly abnormal, and, although it deviates slightly from the average in running 
down,' slightly backwards, and to the left, this is within the normal range of 
variation. When the pacemalcer is within the A-V node, however, the curve 
is strikingly changed, passing up, backwards, and to the left. Two additional 
instances of A-V nodal rhythm are illustrated in Fig. 2, in both of which the 
cui-ves are similar to that of Fig. 1, i.e., are directed up, back, and to the left. 



Fig. 3. — Sinus beat; atrial premature beat. TSlectrocardiograms and models of a sinus beat, 

followed by a premature beat of atrial origin. 


Fig. 3 illustrates the data obtained from a patient who had premature beats 
which we, at first glance, thought might arise in the A-V node, inasmuch as the 
P waves of the premature beats were negative in Leads II and III. Analysis of 
the electrocardiograms obtained in the three planes, with construclion of the 
tlnee-dimensional model shown, indicates that the mean electrical axes pass, 
from moment to moment, up and to the right, and later pass down, forward, and 
to the right. The sinus beats gave a normal curve. This indicates to us that the 
premature beats probably arose in an ectopic focus located in the lower part of 
the left atrium. These obseiwations also indicate that negative P waves in 
Leads II and III do not necessarily place the pacemaker in the A-V node. 
Whenever the ectopic focus is in such a position that the spread of excitation 
is cephalad, as in the atrial premature beat analyzed by Schellong^ with special 
frontal plane leads, the projection of the mean electrical axis on Leads II and 
III will be such that the P waves in these leads will be negative. We would have 
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in the limb leads that the results would not differ from those in eases in which 
P waves precede the QRS. We feel justified in assuming that, wliether the 
pacemaker shifts in the A-V node, or, as seems more likely, the speed of retro- 
grade conduction is the chief variable, the retrograde pathway is usually so situ- 
ated that the impulse enters the atria at such a point that the spread of excita- 
tion, as judged by the directions of the consecutive mean electrical axes, is np, 
back, and to the left. The fact that variable retrograde patlnvays have been 
postulated^^’ does not invalidate this generalization. 

The tenn ‘‘coronaiy” nodal rhythm was first employed by Edens;*' since 
his studies were all on venous pulse tracings, it is doubtful whether he used it in 
the sense in Avhich it is now understood, ^^z.. upright P waves in all three limb 
leads, with a P-R inteiwal of 0.12 second or le.ss.*® Clerc and Pezzi*" described 
a supraseptal rludhm, but again all of the records were mechanical, ileek and 
Eystei*’ found initial negativity in one of two places, irsually in the ventricular 
portion of the A-V node or near the coi’onary sinus, in escaped beats during 
vagus stimulation in the dog, but here again there was no correlation with the 
fomi of the P waves in the limb leads. 


At present the term is employed for tracings with upright P waves in all 
leads, but with a P-R interval of 0.12 second or le.ss. Absence of the typical pat- 
tern of retrograde conduction, i.e., negative P waves in Leads II and III, has 
necessitated many hypothetical attempts at explanation. Assuming that the 
pacemaker in such eases actually lies in the A-Y node, the upriglit P vaves might 
be explained as a result of (1) intra-airial block, producing a pathway similar 
to that of sinus beats; (2) a variable retrograde pathway through a ramification 
of the A-V node near the coronary smus or the S-A node, and different from the 
one traversed by impulses giving the usual negative P waves in Leads 11 and 
III; or (3) location of the pacemaker in fibers of the A-V node near, or to the 
right of,® the coronaiy sinus (hence “coronary” nodal rhythm). On the other 
hand, if the pacemaker in these cases is supranodal, it might lie in (1) islands 
of S-A nodal tissue-® or ramifications of the S-A node in the neighborhood ol 
the coronary sinus; (2) in the tail of the S-A node, nearer the A-V node than 
normal; or (3) in the u.sual position in the S-A node, but with unusuall.v rapid 
conduction (a) from the S-A to the A-V node, po.s.sibly through special func- 
tional pathways, or (b) through the A-V node. 


Rothberger and Scherf* and Condorelli-* found that negative P waves could 
be associated wfith sinus rhythm, and, conversely, that positive P vaves might 
be .seen in A-V nodal rhythm, facts which they explained as the result of vari- 
able intra-atrial conduction. The u.sual retrograde pathway from the A-^ nodal 
pacemaker enteis the atrium at a point which gives the of curve .shown in 
Fig. 2. \\’'e have described variation in the retrograde pathway which is sut- 

ficient to give alternation of the P waves It is conceivable that the impulse 
traveiNes those fibers which lie near the coronary sinus, and, in effect, enters 
the atrium in tlie same fa.shion as it would have, had the impulse actually 
originated in tlie fibei-s of the A-V node near, or to the right of. the coronary 


.sinus. 


Ilolzmann and Scherf-" had a single animal whose S-A node had been cut 
away, in which they were able to jiroduee positive P waves, ju.st ineeeding the 
QRS eomplexe.s. by warming the mouth of the coronary sinus. This same animal 
later yielded negative P waves, as dhl their other animal.s. Tliey were inclined 
to regard these exceptional results as being due to the presence of isolated 
islands of S-A nodal tissue in the vicinity of the mouth of the coionary sinus. 
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lar contraction, the pacemaker was thought to be in the ventricular portion of 
the node. These experiments . form the basis for tlie concept of upper, middle, 
and lower nodal rhythm. In experimental nodal rhythm, Meek and Eystei*'' 
found initial negativity either in the region of the coronary sinus or in the, 
ventricular portion of the A.~Y node, and interpreted their results as confirming 
those of Zahn. Neither group of workers correlated their observations with the 
limb-lead P-wave patterns. 

Both Lewis^' and Schcrf^^ pointed out the uncertainty of localization of 
portions of a small, deep-seated structure such as the A-V node. Scherf®> also 
critically surveyed Zahn’s experimental technique, and cast doubt upon the lat- 
ter’s concept by failing to confirm his experimental results. Scherf found that 
the various experimental procedures which are calculated to produce A-Y nodal 
rhythm almost invariably produced the so-called middle variety, the type also 
most commonly seen in patients. For example, he found that, after resection 
of the S-A node in the dog more completely than had been accomplished by 
Zahn, the P and QRS complexes were superimposed in ten experiments, there 
was a short P-R interval in two, and a negative P-R, or R-P, interval in two 
others. Further warming of the higher portions of the A-Y node failed to ac- 
celerate the rate, or to produce a positive P-R interval when superimposition 
or an R-P interval was present. In fact, in the two cases in which there was a 
short, positive P-R interval, warming of the upper portion of the A-Y node 
caused the P wave to merge with the QRS. Scherf concluded that conduction 
is slower to the atrium (retrograde) than to the ventricle, thus explaining the 
shortening of the P-R iuteiwal. Langendorf, Simon, and Katz® have elaborated 
this concept to explain all three types of nodal rhythm as the result of variation 
in the relative .speeds of conduction from the nodal pacemaker to the atria, and 
ventricles. Our owiP^ studies of varying rates of retrograde conduction, both 
spontaneous and under drug influences, would lead us to concur in the idea' that 
variable retrograde conduction determined the position of the P wave in rela- 
tion to the QRS complex. Retrograde conduction was, we found, more markedly 
affected by drugs than was forward conduction, although, of course, changes 
in the latter might readily play a role in determining the position of the P wave. 

Quite recently, ScheidT® in pursuit of his earlier efforts to produce A-Y 
nodal rhythm by stimulation of the coronary sinus branches of the node, reported 
that warming the coronary sinus on the epicardial surface produced nodal tachy- 
cardia, with negative P waves preceding the QRS in Lead II. This occurred 
even though the same stimulus had failed to produce negative P waves preceding 
the QRS, when applied to the endocar-dial surface. The P-R intervals were not 
short, but were equal to, or longer than, the P-R intervals during sinus rhythm. 
This is referred to as an “upper auriculoventricular rhythm (coronary sinus 
rhythm),” and is not comparable to the “coronary” nodal rhythm with up- 
right P waves described below. We have pointed out above that the P waves 
may be negative in Leads II and III whenever the impulse spreads in a cephalad 
direction, e.g., the case illustrated in Pig. 3. It is to be anticipated that any im- 
pulse arising near the A-Y ring would spread in this fashion. We have found 
that in human A-Y nodal rhythm the direction of the impulse is cephalad, and 
also back and to the left. It remains to be proved that the impulse from the 
point stimulated by Scherf will spread in this fashion; we would expect it to 
.spread forward rather than backward. 

Middle nodal rhrtlim would 2 iot, of course, be susceptible to analysis by 
our method, for no P waves are visible. IVe have had no case with retrograde 
P waves available for study, but are confident from the contours of the P waves 
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QES complexes. The latter authors accept such P-E intervals as indicating 
unusually rapid conduction from atria to ventricles, ’.vith le.ss than the usual 
delay in the A-Y junctional tissues. 

It may be of interest, in passing, that the consecutive electrical axis pattern 
of the P wave in the short P-E, long QES syndrome is of the usual S-A nodal 
type in the single case ^\e have analyzed. Pezzi"' considered this type of curve 
as an example of a supraseptal rhytlun. 

AYe believe that the evidence cited proves that the so-called “coronary” 
type of nodal rhythm is not a variety of A-A' nodal rhythm, but is, in fact, simply 
normal sinus rhythm with a short P-R interval, which, in accordance with the 
laws of distribution, occurs relatively uncommonly. 

SUMllARY 

Using a method of analysis of the P wave, recorded in three planes of the 
chest as previously described, we have studied the curves of the consecutive 
momentarj' atrial axes in A-A^ nodal rhythm. In three dimensions, the curves 
pass up, back, and to the left. 

The curves obtained in so-called •'eoronaiy” nodal rhythm resemble those 
of ordinary sinus rhythm, pa.ssing down, variably forwaid, and to the left. The 
available evidence is surveyed, and it is concluded that this latter type of nodal 
rhythm is actually merely an example of sinus ilndlim with relatively rapid 
conduction of the impulse through the A- A’’ junctional tissues. 
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Our data, as depicted in Fig. 4, indicate that the spread of excitation over 
the atria in ‘‘coronaiy” nodal rhythm is indistinguishable from that in normal 
siniLS rhythm. We infer from this that the impulse enters the atria in approx- 
imately the same place in both conditions. The normal, smooth contours of the 
curves fail to provide any evidence for the presence of a conduction defect uuth 
intra-atrial block, and indicate that such a disturbance of conduction is not the 
cause of the upright P waves. Nor do they support the view favored by Lang- 
endorf, et al.,® that upright P waves with short P-R intervals arise from prox- 
imal fibers of the A-V node, lying to the right of the coronary sinus. We are 
accustomed to thinking of the upper fibers of the A-V node as being closely 
related functionally to the S-A node, Avith the pacemaker momug to the former 
when the latter is depressed. Although experimental proof of such a concept is 
far from convincing, of more importance to us at the moment is tlie fact that an- 
atomically these two areas are well removed from each other. We would antici- 
pate that impulses arising from the neighborhood of the coronary sinus would 
spread quite differently from those springing from the S-A node, and would 
yield entireh^ different patterns Avhen the consecutive atrial electrical axes were 
graphed. Of course, experimental eAudence Avould be necessary to prove the 
truth of this conjecture, but it reeeh'es some support from Scherf’s recent 
paper.^^ 

LcAAds felt that the excitation AvaA'e spread concentrically from the S-A 
node throughout the atrial muscle, stimulating the A-V node in passage. There 
is some evidence, hoAvever, of specialized functional patlnvays Avithin the atrial 
musculature. i\Ieek and Eyster, Rothberger and Scherf, and Condorelli found 
evidence of a special connection betAveen the tAA'o nodes; these patliAvays Avere not 
demonstrable anatomically, but AA-ere considered to be functional patliAvays. 
These claims might give substance to the possibility that shortening of the P-R 
interval beloAV 0.12 second in sinus rhythm might be due to acceleration of con- 
duction along such a patlnvajL Consideration of the fact^- that only about 
one-third or one-fourth of the P-R inteiwal is required for excitation of all the 
atrial muscle, and that presumably much less than this is occupied in passage 
of the impulse to the A-V node makes it seem unlikety that any appreciable 
shortening of the P-R interval could be due to acceleration of intra-atrial con- 
duction. 


It is Avell established that the major delay in atrioventricular conduction 
oecui-s in the A-V nodal tissue.^- The length of time usually required for pas- 
sage of the A-V junction is probably more than one-half of the P-R interval; 
more rapid conduction at this point could Avell decrease the P-R interval to be- 
loAv 0.12 second. These A-V jimetional tissues are knoAAm to be most susceptible 
to humoral and nervous influences AAFich affect conduction. 


It is not Avarranted to place a loAver limit of 0.12 second on the normal P-R 
interval, as has been done by many authors, including Scherf and Sehonbrim- 
ner."" Recent studies haA’e shoAvn that among large grouj^s of apparently nor- 
mal persons the A-V conduction times folloAv a fairly symmetrical distribution 
curve. SteAvart and IManning--^ liaA’^e reported an analysis of the electrocardio- 
p-ams of five hundred Air Corps personnel. They found that the mean P-R 
intervp in Lead II Avas 0.16 ± 0.001 second; the limits of tAAiee the standard 
deviation on each side of the mean Avere from 0.11 to 0.21 second, and, of three 
times the standard deviation, 0.09 to 0.24 second. Graybiel, et al.,=* in’a similar 
study of one thousand health}* aA-iators, found a mean P-R interval in Lead II 
of 0.154 second; this excluded tAvo examples of short P-R inteiwal Avith prolonged 
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The patient’s recovery was excellent, and he had been feeling fine, 
when, suddenly, on the sixteenth day after the attack described, he 
felt uncomfortable and complained of pain in the lower part of the 
abdomen. The following night he wms unable to sleep, felt very rest- 
less, and complained of severe pains in the abdomen and testicles 
When I saw' him the next morning, the left testicle, previously normal 
in size, had sw'ollen to the size of a large orange; it Avas very sensitive 
and painful, and the scrotal skin appeared tense and red. The tem- 
perature was normal (98°), and the abdomen someAvhat tender, with 
no rigidity of the abdominal walls. That evening the temperature Avas 
98.6° ; no higher temperature Avas found in the folloAA’ing days. The 
pulse rate, AA'hieh had ranged betAveen 76 and 80 in the previous days, 
had risen to 96 ; the blood pressure Avas 135/80. There Avas no .sAvelling 
of the parotid gland, nor Avas there any history of exposure, in tlie 
Aveeks preA'ious, to the mumps. A modified suspensory Avas ap])lied 
and cool compresses recommended. Tlie folloAving day the pulse rate 
Avas 90, and the day after that, 84. In the coui-se of a Aveek the pain 
gradually Avas relieved and the size of the testicle reduced, but the 
hydrocele remained quite obAdous and identifiable as a light-ti-ans- 
lucent SAA’elling of the left testicle alone. Durin<> the next three Aveeks 
the testicle shrank to about half the size it had displayed on the occa- 
sion Avhen it had SAvelled and caused so much pain ; nevertheless, it 
remained definiteh^ and abnormally enlarged as compared Avith the 
normal one. In the meantime, the heart condition had improved so 
Avell that, after the sixth Aveek, the patient Avas able to stay out of bed 
and later felt sufficiently comfortable to return to his normal occupa- 
tion as a research Avorker. 

The most satisfactory explanation for this series of events secirs to be 
as folloAA's, A small mural thrombus due to coronary occlusion gave 
rise to an embolism AAdiich produced the symptoms described. As is aa’cII 
knoAvn, emboli in other parts of the body are not rare occuirences after 
cardiac infarction. 


SUilM VRY 

This case is unique in that, on the sixteenth day after indubilahlc 
cardiac infarction, orchitis and hydrocele developed in conjunction A\ith 
intense abdominal pain. The explanation offered for this picture is em- 
bolism due to mural thrombi caused by cardiac infarction. 


SILICOSIS OF THE PERICARDIl'^M 
Case Rcport 

:]\lARC.ur:RiTE G. Stemaierman, i\I.D. 

Staten Isi-and, N. Y. 

R ecently avc^ completed a study of si.\ty-four cases of silicosis and silico- 
tuberculosis. In a feAA' of these, sdicotic foci Avere foAind in tlie spleen 
and liver, apparently as a result of hemalos'enous dissemination siliceous 
pai’ticles. IIoAAeA-er, in the majority, the silicotic foci Avere limited to the lungs 
and draining lymph nodes, and in no case Avas there eA’idence of lymphatic dis- 
semination to any other organ of the body. Since the completion oi this stiulA, 
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Clinical Reports 


ORCHITIS AND HYDROCELE AFTER CARDIAC INFARCTION 

Bruno Ivisch, M.D. 

New York, N. Y. 

T he following ease seems worth reporting because no similar ob- 
servation has been reported. 

case report 

The patient was a white man, 64 years of age. There was no previous 
history of illness and no history of venereal disease. In August, 1941, 
when the patient came under my observation, he showed definite signs 
leading to a diagnosis of coronary sclerosis, fit that time the pulse rate 
was 72, and the blood pressure, 135/85; there were single ventricular 
ectopic beats ; the electrocardiogram showed a flat To and a slurred QRS 
complex in Leads I, II, and III. One evening in September, 1943, as 
he was walking on the street, he suddenly felt a severe pain in the chest, 
became nauseated, and began to perspire excessively. When I saw 
him, a half hour later, he was pale, his skin was cool but wet with 
perspiration, and he complained that the pain was very severe. His 
pulse rate was 104, and his blood pressure, 160/90. An electrocardio- 
gram was taken immediately, and wms repeated daily for the next 
three daj's. The changes in the electrocardiogram were most definite 
between thirty-nine and sixty hours after the attack. The S-T seg- 
ment was depressed in Lead I and in the left chest lead (CR,j) and 
elevated in Lead III. At that time, T Avas inverted in Leads II, HI, 
and the right and left chest leads (CRo, CR^, and CRg). The following 
morning (eleven hours after the attack), his temperature was 99° F., 
and the next morning, 100.4°; but, from the day after that, it remained 
normal (less than 99°). The sedimentation rate on the day after the 
attack was 18 mm. in two hours, and the leucocyte count before breakfast 
Avas 13,200 (83 per cent polymorphoniiclears, 11 per cent lymphocytes, 
and 6 per cent monocytes). The blood pressure Avas 110/70, and 
remajned at this level tAvo days; on the third day it had risen to 
120/75, and a Aveek later Avas 130/80, at Avhich leAml it Avas maintained. 
Whereas before the attack the pulse rate Avas ahvays about 70, after 
the attack it rose to about 100 and remained at that leAml during the 
folio Aving ten days. Single ectopic beats (nodal tvpe) and sahms of 
them Avere present on the second day, but after that and until the 
present Avriting no more liaA^e been found. 
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philes. The sedimentatioa rate was 74 min. in foity-livo minutOh. The ^putum contained 
tubercle bacilli, Gaffky VII. The blood glueosc and nonpioteiu uitiogen levcds weie normal. 

X roentgenogram of the clip'-t (Fig. 1 ) revealed alino-t complete collapse of the left 
lung, with encapsulated tiuid at tlie‘le\el of the eighth rib posterioily. In the right lung 
there uas a ditfuse, nodular type of infiltiatieii tliioughout, moie e\tensi\e in the upper 
and middle portions. 






Fig. 2.-Electiocardiogram in July, 19-13. Slurring of complex 

wave in Lead 11, with essentially normal ti .icings in other le.ids, inibc.Ui\e 
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we have observed three additional eases of silicosis and silicotubereulosis. In one 
of these, silicotic foci Avere found in the Ausceral pericardium and were ap- 
parently the etiological factor in the production of a noninfectious adhesive 
pericarditis. Since there was no evidence of silicosis in the myocardium, the 
Ivmph cliannels ivere proiiaidy the routes for the dissemination of the dust. 
In addition to the rarity of silicosis of the pericardium, this case illustrated the 
communication between pleural and pericardial lymphatic vessels. 

CASE REPORT 

History— 'ihe patient, F. F., was a- 51-ye-aT-o\a vfintc man, a Spaniard by birth and 
a .stonecutter by trade. He liad noticed frequent ‘‘colds" and increasing dyspnea since 1936 
and, in March, 1941, “streaked" blood for the first time. His local doctor diagnosed 
silicotubereulosis and instituted j)neumothorax on the left side. He stopped work, remained 
at home, and was treated by the reinstitution of pneumothorax irregularly until November, 
1942. At this time lie had a large hemoptysis and was hospitalized; lie was finally admitted 
to Sea View Hospital on Jan. S, 1943. Since March, 1941, he had lost 22 pounds in weight 
and had experienced progressively increasing dyspnea. His past medical and family history 
were irrelevant. 



1-— Roentgenogram made July 9, 1943. Encapsulated hydropneumothorax on the left, 
the ^ mediastinum to the left. Spread to the right radiating from 


Physical Examination. The patient was a well-developed, poorly nourished adult who 
appeared clironically ill. He was markedly dyspneic, but not cyanotic. There was moderate 
clubbing of the fingers. Other abnornialitie.s were limited to the chest. Tliere were signs 
of hydropneumothorax on the loft side, with rales and bronchial breathing over the left upper 
lobe. Tlie right lung was normal. The heart was normal in size, the rate was 90 per 
minute, and the rhythm was normal. There was a soft systolic murmur at the apex 
transmitted to the axilla. '' 

The urine had a specific gravity of 1.010 and was normal except for occasional leu- 
cocy es. The blood Massermann reaction was negative. The erythrocyte count was 4,100,000 
10 hemoglobin, vS per cent, and the lemtocyte count, 8,500, of which 68 per cent were 
po jnnorphonuc ear leucocytes, 3 per cent nonsegmented polymorphonuclear leucocytes 17 
per cent lymphocytes, S per cent monocj-te.s, 1 per cent eosiuophUes, and 1 per cent baso- 
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firm, fibrous adhesions revealed silicotic foci within the visceral pericardium (Fi". 4). 
There were no cellular or other abnonnalitiet. suggestive of an infectious process in the peri- 
cardium. Tliere were no .silicotic foci in the myocardium. 

Other lesions included miliary tubercles of the spleen and kidney and tuberculous 
ulcerations of the ileum and larynx. The liver weiglicd 1,(540 grams, and the spleen, 375 
graims. The peripancieatic lymph nodes contained .silicotic foci similar to, but less exten- 
sive than, those of the tracheobronchial nodes. 


CO.MMENT 


In their extensive studies of pneumoconiosis, Gardner,- Cummins,'' and 
others have repeatedly emphasized the importance of blockage of the lymphatic 
channels by dust thrombi and the resulting fibrosis. Since, however, this 
blockage probably occurs chiefly in the lymphatic vessels of the tracheobron- 
chial nodes, there remains a possible exit for silica particles in the peripheral 
(pleural) lymphatic vessels. Although retrograde lymph flow from the tracheo- 
bronchial nodes along the afferent channels from the pericardium is po.ssible, 
the early obstruction within the nodes makes this unlikely. Since the lym- 
phatic vessels from the peripheral portions of the lungs, which are affected 
by silicosis last, drain towards the pleiu-a and not the hilum, they may remain 
patent long after the deep lymphatic vessels have been blocked. 

These supeidicial lymphatic vessels, like those of the deep channels of 
the lung, the heart, and the pericardium, ultimately reach tlie mediastinum. 
However, when the pleura and pericardium are adherent there is probably 
free communication between the lymphatic vessels of the two. This was true 
in this ease; the adhesions were present over a wide area posteriorly. Ob- 
viously, the more extensive the adhesions between the pleura and pericardium, 
the greater will be the lymph exchange. How extensively the adhesions develop 
depends chiefly upon the pulmonary lesions. In this case there was almost 
complete destruction of intrapulmonary elastic fibers by a combination of 
silicotic and tuberculous fibrosis. Because of its lo.ss of resiliency, the lung 
occupied a much smaller space than previously, and the mediastinal structures 
were retracted into the left side of the che.st, giving the pericardium greater 


opportunity to adhere to the pleura. 

Neither the retraction nor the pleuropericardial adhe.sions are uncommon 
in tuberculosis, xiaiticularly with left-sided involvement. In uncomplicated 
silicosis and in silieotulierculosis, however, since the lungs are usually vol- 
uminous, marked retx’action is unusual. The encapsulated pneumotliorax in tins 
case was large enough to augment the intrapulmonary tendency of tlic lung 
to retract, but not great enougli to prevent the heart’s being withdi’awn into 
the left hemithorax. 

\Yhy the silicosis of the pericardium should lead to adhesive jjcricarditis 
is difficult to understand. The firme.st attachments were at tlie site of tlie 
densest pleuropericardial adhesions, at which point the pleura and both the 
visceral and parietal pericardium were as one. Probably both the physical 
and irritativ'e characteristics of the siliceous particles were responsible for the 
development of these adhesions. 

Except for the abnormal electrocardiogram, there was no subjective or 
objective evidence of cardiac di.sease. It is likely, however, that, had the 
patient survived, the pericardial .silicosis would have jH'ogre.ssed, a.s silicosis 
progresses in the lungs and lymph nodes, and cardiac embarrassment might 
have developed. 
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Course.-Because of the dyspnea and tlic ineffectiveness of tl,e pneumothorax the 
latter ^vas discontinued. Six weeks after admission, generalize_d petechiae ot the lower 
extremities appeared. The platelet count at tins time was 289, r_0, and the blood picture 
was essentially the same as on admission. The liver and spleen were not felt, and the 
petechiae disappeared spontaneously after about four weeks. The electrocardiogram at 
this time showed inversion of the T wave and slurring of the QRS complex in Lead II. 
Since there was retraction of the heart into the left side of the chest, with probable 
rotation, this could not be interpreted as evidence of myocardial damage (Fig. 2). 

In spite of aspiration of fluid from the left jileural sac, the patient became in- 
creasingly dyspneic. In April, 1943, the temperature rose to 101“ to 102° F.,^ and there 
was evidence of extensive bronchogenic spread to the right lung. On Sept. 7, 1943, lie 
spat up two ounces of blood, and died Oct. 12, 1943, of progi’essive pulmonary iiisuffieieney. 
Terminally there were marked dyspnea and cyanosis, but no edema. The abdomen was 
soft, but diffusely tender. ISTo solid organs were palpable. 



Fig. 4. — Photomicrograph of left ventricle. Silicotic focus in tlie ijericardium adjacent to a 
large blood vessel at the site of dense adhesive pericarditis. No foci in the myocardium. 


Autopsy . — The lungs weighed 3,510 grams. The small, residual left pleural space was 
filled with 300 c.e. of yellowish-green fluid containing large amounts of fibrin. The pleural 
space was obliterated over most of the left lung, and the visceral and parietal pleurae were 
markedly tliiekened. Tlie pleura over the right lung was also thickened, although to a less 
extent, and the pleural, space was completely obliterated. Section of the left lung showed 
that it was almost completely occupied by conglomerate silicotic foci (Fig. 3). In. the left 
upper lobe there was a large, elliptical, tuberculous excavation measuring 7.5 cm. in its 
largest, apicobasal direction. The right lung was studded with silicotic foci measuring from 
3 to 10 mm. in diameter. A tuberculous cavity, 1 cm. in diameter, was present in the upper- 
lobe. The tracheobronchial and peribronchial lymph nodes were from 1 to 3 cm. in diameter 
and wore almost completely occupied by silicotic foci. 

The heart, without the pericardium, weighed 3b‘0 grams. The pericardial cavity was 
completely obliterated by thin, fibrous adhesions, except over the atria and a portion of 
the left ventricle posteriorly, where the adhesions were thick, firm, and impossible to separate 
except by sharp dissection. The parietal pericardium was adherent almost completely to the 
left parietal pleura posteriorly. A patent foramen ovale admitted the tip of j't probe. 
The right ventricular wall measured S mm. in thickness, and the left,' 11 millimeters. 
There was moderate atheromatosis of the coronary arteries and aorta. There was no evi- 
dence of infarction, but microscopic examination of the left ventricle in the region of the 
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There was no fluid in the pleural cavities. Each lung weighed oO grams. Cicpitation 
nas diminished in the lower lobes. A model ate amount of blood exuded from the cut 
surface. 

Tlie thymus was normal in size and appearance. 

The pericardial sac was normal in appearance, and contained no e.xcess fluid. 

The heart, whicli weighed 53 grams and ineasuied 5.5 cm. in its greate.st transverse 
diameter, showed marked enlargement of the right auricle and right ventricle and a round- 
ing of the apex. The interventricular and atrioventricular sulci were distinct. Opening the 
heart revealed patency of the foramen ovale; it measured 1.2 cm. in its greatest diameter. 
The light auricle was hypertrophied and its wall well trabeculated. The right atrio- 
ventricular orifice, 7 cm. in circumference, showed no tricuspid leaflets around its margin. 
A fibrous ridge extended along the posterior septal margin of this orifice and became 
continuous with the base of a membianous leaflet which was deflected medially and attached 
to the anterior wall of the conus arteriosus. The fiee bolder of this membrane foimcd 
the lateral maigin of an orifice leading into the conus arteriosus. This membianous 
structure, which represented the anterior leaflet of the malformed and displaced tricuspid 
valve, divided the right ventricle into two portions. The larger portion was thrown into the 
eaiity of the right auricle, and the remaining portion formed a smaller chamber which 
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Fig. 1. — A, Diawuig of tlie right atrium and ventiicle, which have opeiitd to .- 

the absence of tricuspid segments aiouiid the atrioventricular maigm. A,, niriit 

position of the tricuspid orifice produced by the malformed segments. B, ° , ,if„riiied 

ventricle, which has been opened thiough the displaced tricuspid ouflee to show tne in.i 
segments and the separation of the light ventricle into two chambeis. 

included tlie conus arteriosus. The orifice leading into the second chamber was bounded 
lateially by the membranous leaflet, and medially by a fibrous ridge whicli extended a ong 
tlie intci ventricular septum to the anterior wall of the conn.'- arterio.sus. Below' the li irons 
ridge on the septum wa.s a small pocketlike imuss of endocardial tissue wliicli lepiesentcd t le 
rudimentary septal leaflet of the tricuspid valve. The posterior leaflet was entirely unformei . 
There were no defects in the interventricular .septum. The pulmonary orifice measured 8 mm. 
in eircumfeionce, and its cusps v\ere noimal. There was a saccular outpouching of t ie 
po.sterior lateral wall of the right ventricle, which in this aiea was very thin. Tlic posterior 
portion of the interventricular septum wa.s well trabeculated, but the remainder of the rigid 
ventricle had a smooth, dull lining. Examination of the left ventricle sliowed that the 
mitral leaflet'', chordae tendineae, and papillary musele.s were normal in appearance. 1 lie 
aorta and great vessels showed no abnoriimlities. The ductus arteriosu.s was clo»ed and 
per.si.sted as a tliin fibrous cord. 

The peritoneal cavity contained no fiee fluid. The liver weiglied 25 grani.s, and a large 
amount of blood escaped from the cut surface. The other organs showed no gross abnor- 
malities. 
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CONGENITAL TEICUSPID INSUFFICIENCY 

Report of a Case 

Viola G. Brekke, M.D.* 

Detroit, I^Iich, 

C ONGENITAL tricuspid insufficiency is a rare cardiac anomaly. In an 
analysis of one thousand cases of congenital cardiac disease, AbbotF 
listed five eases of congenital tricuspid insufficiency in tvliieh this defect was 
classified as the primary lesion. She described two anatomic types of this 
lesion: (1) incomplete differentiation of the cusps, and (2) the Ebstein type 
in which the undifferentiated tricuspid segments are represented by a mem- 
branous diaplmagin displaced downward toward the apex of the right ventricle. 
The latter type, first described by Ebstein in 1866, is a Avell-defined lesion. 
Sixteen cases belonging to this group are recorded in the literature. These 
cases present various degrees of differentiation of the tricuspid segments, but 
common to all of them is the aliuormal position of the malformed segments. 
The segments are not located around the right atrioventricular orifice, but are 
displaced donmward toward the apex of the right ventricle, so that a portion of 
the right ventricle is drawn into the right auricle, and both chambers are 
dilated. Iii all but two cases, tliis anomaly was associated with patency of the 
foramen ovale., 

A case of congenital tricuspid insufficiency of the Ebstein type is reported. 

REPORT OF case 

The patient, a white, S-month-old, female infant, w:xs well until a few days before 
admission to the hospital. At that time she developed an infection of the upper respiratory 
tract and became dyspneic and cyanotic. The mother stated tliat prior to this illness the 
patient had become cyanotic only during crying spells. 

On admission the temperature was 97° F., the pulse rate, IGO, and the respirations, 7S. 
Examination of the chest revealed no abnormality of the lungs. There was marked enlarge- 
ment of the heart. No definite murmurs were heard. The cardiac rhythm was regular. 

Roentgenologic studies of the chest revealed marked enlargement of the cardiac 
silhouette involving both ventricles, but particularly the right. The lungs were normal, 
and there was no evidence of obstruction of the trachea or narromng of the bronchi. The 
hemoglobin was 7S per cent; the erythrocyte count wim 4,100,000 per c.mm.; and tlie 
leucocyte count was 12,200 per c.mm., with 41 per cent neutropliiles. 

The patient remained cyanotic after admission to the hospital, and became increasingly 
dyspneic. She was given o.xygvn continuously, and died three days after admission. 

Post-mortem examination revealed a well-nourished, S-month-old, white female infant 
showing cyanotic discoloration of the face, neck, and extremities, but no external malforma- 
tions. 
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Gross, D.; PsyciopHysiologic Studies of the Cardiac Patient. Rev. nied. de Cliile 

68: 258, 1944. 

An attempt is made to evaluate the influence that circulation has on the brain 
observing the changes in psychic functions when tlie circulation is impaired. For this 
purpose the author studies the circulation time and the results of different psycliic 
tests in patients with congestive failuie and after impiovement. Tlie circulation 
time from arm to tongue was measuied witli calcium bromide. Psychic tests 
measured concentration, association, attention, optic orientation, and lesistance to, 
and individual rhythm of, mental woik. 

This study shows that there is no exact piopoition between the speed of circula- 
tion and the speed of mental functions. However, congestive failure causes a marked 
decrease of all mental functions, so that values of patients normally quick become 
similar to those of people normally slow. 

A quotient betw'een circulation time and either association time or Schulte’s 
test is described. It gives a kind of mathematical evaluation of the single patient 
independent of tiansitory changes due to heart failure. 

A. Lui.S,\D.\. 

Pox, T. T.: Aberrant Atrio-Ventricular Conduction in a Case Showing a Short 

P-E, Interval and an Abnormal But Not Prolonged QRS Complex. Am. J. if. 

Sc. 209: 199, 1945. 

A case is presented with a .short P-R interval and an abnormal but not pro- 
longed QRS complex. Prolongation of the QRS complex was achieved tlirough 
the influence of cholineigic drugs. In this manner the sjmdiome of short P-R interval 
and prolonged QRS comple.x was reproduced. It would therefore appear tJiat the 
width of the QRS complex in this syndrome is merely an e.xpiession of the quantitv 
of “vagus substance” available, and that the actual criteiia of the olff- Parkinson- 
White syndrome are: a short P-R inteival and an abnoimal but not necessarily 
piolonged QRS complex. 

In view of this, and of the available histologic evidence of the existence of an 
aberrant A-V conduction pathway, it is suggested that the syndrome be Known as 
the “aberiant atrio-ventiicular conduction.” 

Author. 


Cossio, P., Vedoya, E., and Berconsky, I.: Modifications of the Electrocar^ogr^ 
After an Attack of Paroxysmal Tachycardia. Rev. argent, do cardiol. 

164, 1944. 


The electrocardiographic alterations which appear after an attack of p.iro.xjsma 
tachycardia and wliich constitute an electrocardiogiapliic .'•yndrome were studied m 
two personal observations and twenty .Minilar ca'-es found in the literature. 

This po'-ttachy cardiac syndioine is characterired by negative displacement of the 
t’-T segment, inversion and widening of the T wave, and lengtliening of the Q-i 
interval. It appears c.-pecially after attack-, of ventricular paroxysmal tachycardia 
(sixteen case.-). A relation was found between the .-ituation of tiie automatic focus 
wliicli originate' the ventricular tachycardia and tlio lead jiutomatic foco.s which 
originates the ventricular tachycardia and the lead (I or III; in wliich the elcctro- 
I ardiographic cliange.s appear. 

A functional alteration of flic automatic ventricular focu“, per'isting after tlie 
attack is over, may be the cau'C of the posttachy cardiac syndrome. 

AUTUOR-s-. 
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CREKKE: CONGENITAL TRICUSPID INSUFPICIENCy b4J 

COMMENT 

111 this case, as in similar eases which have been reported, the anomaly 
involved only the right atrioventricular valve. Similar eases have been reported 
by Ebstein,- ]\IaeCallum,^ Heigel,^ Marxsen, Geipel, Sehonenberger, Malan, 
Morison,^ Abbott,'' and Arnstein.' These cases present various degrees of dif- 
ferentiation of the tricuspid segments, but the feature common to all of them 
is the abnormal position of the malformed segments which results in a herniation 
of the larger portion of the right ventricle into the cavity of the right auricle. 
As stated by Heigel‘ and Arnstein," the similarity among the cases rests in the 
folloiring facts; that the medial leaflet is incompletely formed and in most 
instances is represented by a rudimentary tag; that the anterior leaflet is the 
largest, is abnormal in shape, and in some instances is represented by a 
fenestrated membrane; and that the posterior leaflet is most affected in the 
anomaly, and, if formed at all, is rudimentary. Heigel states that these 
changes must be due to malformation, because an inflammatory process, e\^en 
fetal, could not produce this type of anomaly so uniformly. 

In the ease presented, the pseudovalvular orifice below the conus arterio.sus 
had no valvular function, so that, anatomically and functionally, this represents 
a true tricuspid insufflciency. 


SUMMARY 

An unusual cardiac anomaly, presenting defective and displaced tricuspid 
valvular segments and a large, patent foramen ovale, is reported. This belongs 
to the type of congenital tricuspid insufficiency designated as Ebstein’s disease. 
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the tliird the bituation was iu doubt. Further experienee is neccssarv before an 
opinion can be expressed regarding the value of lieparin as an adjuvant to penicillin 
in the treatment of this disease. 

Autiior-s. 

Tinsley, C. M.: Pnenmococcic Endocarditis. Arch. Int. iled. 75: S2, 1945 

Pneumococcic endocarditis occurs in about 3 to 3.5 per cent of all pnenmococcic 
infections and is probably responsible for about 5 to 10 per cent of deaths due to 
pneumococcic infections. The aortic and mitral valves are infected in 30 and 33 per 
cent of the cases, respectively. In only approximately 11 per cent of the cases are 
the valves of the right side of the heart solely involved. Antecedent valvular damage 
is present in a minority of the instances but is present often enough — perhaps in 
one-third of the eases — that it may well contribute to the development of this disea.se. 
Purpura, splenomegaly, and infarction of organs by emboli are less common than iu 
subacute bacterial endocarditis. The ulceiative infectious process often produces 
fenestration of a valve cusp, with subsequent appearance of the murmur of aortic 
insufficiency. A thorough search for this murmur should be made in every case of 
pneumococcic infection which does not give evidence of rapid and complete recovery. 
Pneuinococcemia is almost invariably piesent, and repeatedly positive blood culturL 
are presumptive evidence of the existence of this disease. The disease is usually 
rapidly fatal and may terminate in acute purulent meningitis. Treatment has so far 
been highly unsatisfactory. 

Atthok. 

Guy, P. F.: Rheumatic Fever of Childhood. Northwest Med. 43: 166, 1944. 

Problems encountered in the diagnosis of ITS cases of iheumatic fever admitted 
to the Children’s Orthopedic Hospital of Seattle are itemized. The five manifesta- 
tions of rheumatic fever are discussed and the abstract of a case history including all 
five is given. The onset of rheumatic fever and the frequency of a preceding 
episode in the 178 cases is analyzed and reference is made to the part played by 
the Streptococcus hemolyticus. The value of continuous institutional care during 
the toxic period is discussed. Tonsillectomy in rheumatic fever patients, the age 
of onset, and other observations are analyzed. 

.VuTiroR, 

Fashena, Gladys J.: The Incidence of Rheumatic Fever in Texas With Particular 

Reference to the Dallas Area. Texas State J. Med. 39: 474, 1944. 

The morbidity and rrrortality statistics quoted from the Children’s Medical Center 
must be interpreted with caution sirree there are a number of factors which serre 
to weight the data. The fact that a children’s cardiac clinic is in operation at the 
cerrter serves to attract cardiac referrals from out of town as well as from other 
hospitals in the city. The mortality statistics are weighted by the tact that the 
hospital admits no contagious diseases and relatively little traumatic or brain surgtrj. 
Nevertheless, taking all factors into consideration, we feel that certain infertnees 
can be drawn from the material presented here. 

The official mortality statistics appear to show that the 1941 death rate from 
rheumatic fever in Texas in the school-age period is not strikingly le.-s thaii in tie 
so-called ‘ ‘ rheumatic fever states. ’ ’ The hospital data indicate that rheumatic fe\er 
can scarcely be termed a rare disease in the Dallas area. It is believed that the dis 
ease, although probably somewhat less frequent than iu the northern United State., 
constitutes a larger cause of morbidity and mortality in the Dallas area and pro r 
ably in Texas as a whole than is generally appreciated. 

Al'THOR. 


Bruetsch, W. L.: Late Cerebral Sequelae of Rheumatic Fever. Arch. Int. Med. 

73; 472, 1944. 

A late .--equel of rheumatic fe\er is obliterating endarteritis, which usually <le- 
velops while the patient is otherwi.se in good health. If the va.-cular proie-.-- 
involves the small meningeal and cortical ves-el.s gro.-is and microscopic infarctions 
in the gray matter of the brain will result, producing a variety of mental symptoms. 



SELECTED ABSTRACTS , 

Battro, A., Aguiire, E. 0., m Meady, J. 0.: EteatrocardlogiapMc Studies 1“ 
: Heine-Medin's Disease (PoliomyeUtis) . Eev. argent, de cardiol. 11. ISo, 1J14. 

Of thirty-eiglit case.s of poliomyelitis, observed during the acute stage, four 
showed electrocardiographic alterations which appear to be the expression of cardiac 
damage. The clinical examination did not reveal any abnormality- apart .from a 
moderate tachycardia. The facts: (1) that these electrocardiographic alterations 
disappeared in the course of the illness and (2) that none of the eighteen chronic 
cases showed electrocardiographic alterations indicate that the cardiac complication 
was, in these cases, of a transient nature and related to the acute period of 
poliomyelitis. 

AxiTilons. 


Manning, G. W., and Stewart, C. B.: Alteration Prom Normal to Abnormal P-B 
Interval With Change in Posture. Canad. if. A. J. 51; 516, 1944. 

In three of the cases which were observed among aircrew trainees the P-E 
interval was reduced from 0.28, 0.24, aud 0.24 seconds, respectively, to 0.20 seconds 
on changing from the recumbent to the sitting position. These changes occurred 
ivithout any significant alteration in heart rate. In the fourth case the P-E interval 
was 0.40 seconds taken in the recumbent position and 0.20 seconds taken in the 
sitting position with no change in heart rate. Four 3 ’ears later there was no significant 
eliange. The P-E intei-val could be reduced to normal by excessive exercise in the 
recumbent position or by assuming the upright position. 

McCulloch. 


Shapiro, M. J.: The Preoperative Diagnosis of Patent Ductus Arteriosus. J. A. 

M. A. 126: 934, 1944. 

The diagnosis of patent ductus arteriosus can be made without error. Patients 
should not be referred for .surgical treatment unless they show the characteristic 
maelilnerj' murmur. The only exception to the rule is the occasional patient with 
a large patent ductus who may exhibit no murmurs. Patients with cyanosis and 
clubbing of the fingers do not have uncomplicated patent ductus. They cannot 
be treated surgically-. Pronounced electrocardiographic changes are not part 
of the picture of simple patent dUQtus arteriosms. 

Author. 


Coulter, W. W., and Marcuse, P.: Acute Isolated Myocarditis. Am. J. Clin. Path. 

14: 399, 1944. 

A ease is reported in which a nonspecific type of niy-ocarditis and less marked 
nonspecific changes in the lungs aud liver were the pathologic findings. The 
lesions in the heart muscles were severe enough to account for the patient’s 
sudden death after a short illne.ss with vague sy-mptoms. 

Authors. 

Dawson, M. H., and Hunter, T. H.: The Treatment of Subacute Bacterial Endo- 
carditis With PeniciUin. J. A. M. A. 127: 129, 1945. 

Twenty patients with subacute bacterial endocarditis were treated w-ith 
penicillin. A preliminary group of five patients was treated in 1942 aud 1943, and 
a group of fifteen >vas treated in 1944. The infecting oi-g:inism was a strepto- 
coccus in all instances. Heparin was employed as an adjuvant to penicillin in the 
treatment of the majority. While it is recognized tliat a long follow-up will he 
necessary before the ultimate outcome is established, therapy was apparently success- 
ful in fifteen of the twenty patients. All fifteen patients are now clinically and 
baeteriologically free from mfection. In two of the remaining five patients the in- 
fection was controlled as long as penicillin was administered, but a relapse occurred 
when, therapy was discontinued. These two patients are still in excellent o-eneral 
health, and it is hoped tliat it will yet be possible to arrange for a therapeutic 
regimen wliicii will produce a satisfactory outcome. The remaining three patients 
succumbed. In each instance death was apparently due to a cerebral embolus. In 
fsvo of the fatal cases tlie infection was still present at the time of death, and in 
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blood pressure was essentially the same (29.2 per cent) as in the 1-year-old group. 
The systolic blood piessuie for 2-year-old vitamin E deficient lats and noriiud con 
trol lats was GJ.7 mm. and S7.2 mm., respectit ely. A lowering of the blood pressuie 
in the second year of life is leflected equally in both expeiiinental and contiol 
^oups. This reduction is theiefore due to an aging effect and is not a manifestation 
of a dietary deficiency. An histologic examination of the heaits and large vessels 
of vitamin E deficient lats failed to demonstiate any consistent vascular lesions 
that might contribute to a reduction of blood piessuie. Maiiations in the room 
temperature, age and se.x of the animal, and methods used in determining blood 
piessure are variables that infiuenee the blood pre.ssuie leadings in normal and 
expeiimental lats. 

.VUTlIOliS. 

Quinby, W. 0., Dexter, L., Sandmeyer, J. A., and Haynes, F. W.: The Renal 
Humoral Pressor Mechanism m Man. II. The Effect of Transitory Complete 
Constriction of the Human Renal Artery on Blood Pressure and on the Con- 
centration of Renin, Hypertensinogen, and Hsqiertensmase of Renal Arterial 
and Venous Blood, With Animal Observations. J. Clin. Investigation 24: 69, 
1945. 

Complete constriction of the renal aitery in five patients and in si.x dogs, for a 
period of twelve minutes, produced no ri.«e in blood pressure after lelease of the 
clamp but did libeiate small amounts of renin into tlie renal venous blood of tlie 
two patients in whom it was estimated and in tw'o of six dogs. 

In patients, the coUcentiation of hypertensinogen was the same in the renal 
aiterial and venous blood, befoie and after constiiction of the renal aitery, with 
one exception; hypei tensinase, determined at a pH of 7.3 and 4.5, was likewise the 
same. 

These observations demonstiate that by constiiction of the icnal aitery in inaii, 
the lenal humoral pressor mechanism is stimulated to activity as in animals. 

Al’TItOKS. 

Haynes, F. W., and Dexter, L.: The Renal Humoral Pressor Mechanism in Man. 
III. The Hypertensinase Content of Plasma of Control Subjects and of Pa- 
tients With Hypertension and Other Diseases, J. Clin. Investigation 24: /5, 
1945. 

The hypertensinase content of nonhemoly/cd plasma of ten normal subjects ranged 
froni 1.1 to 1.8 dog units per milliliter of plasma. The hypertensinase content of 
the plasma of sixteen patients with hypertension, six patients with nitrogen reteii 
tion, two patients with Addison’s di^jcase, and three patients with hepatic disea.se 
did not differ from the normal. It is concluded that theie is no justification tor 
considering that the blood prcsSuic is high in human hypertension because of .i 
deficiency of liviiei ten-.inase in plasma. 

AuTiioms. 


Grollman, A.: Experimental Chronic Hypertension in the Rabbit. Am. •!. Physiol 
142: 666, 1941. 


The blood piessure of adult labbits wa- followed for three month.s or more fol- 
lowing vaiious opeiative procedures on the kidney.--. The aveiage rise in blood prts 
sure following unilateial compression of the kidney did not exceed tliat which fo 
lowed unilateial nephiectomy. Removal of the coinjiressed kidney in a hypertensive 
animal did not lesult in loweiing ot the blood pressuie. Rabbits may (‘xhibit luptr 
tension even in the absence of all lenal ti'.sue. 


The iinplii-aiions of the ob-erved results on the authoi ’s concept ol the iiudi- 
anism of experimental renal hypei tension are di.sciissed. In tlie rabbit, as in the r.it, 
the available data support the view that chronic hypertension results from a de- 
ficiency induced by injury or removal ot normal renal tissue and not from the forma- 
tion of a renal pres-or substance. The latter, however, may play a part in causing 
hvpertension in the acute e.xperiment. 

' AUTIIOK. 
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This type of cerebral involvement has been termed "rheumatic brain disease." It 
represents a chronic infectious process in the same sense as rheumatic heart disease. 

Although widespread and clinically manifest obliterating arteritis seems to occur 
in only a small number of patients with rheumatic heart disease, the possibility’ of 
the development of rheumatic endarteritis in such a person appears to be ever 
present. 

Eheumatie fever in the form of this late cerebral sequel has been found to be 
an important factor in the causation of mental illness. The fact that rheumatic heart 
disease is several times more frequent among mentally ill patients than in persons 
of the general population emphasizes this contention. 

Other late cerebral sequelae of rheumatic fever are rheumatic encephalitis and 
cerebral embolism, the latter occurring most often during auricular fibrillation in 
patients with mitral stenosis. 

Author. 

Webb, A. C.; Periarteritis Nodosa in Pregnancy. Arch. Path. 38; 329, 1914. 

Periarteritis nodosa was observed in a parturient woman whose death most 
probably can be ascribed to severe toxemia and puerperal sepsis. The role 
played by the lesions of periarteritis nodosa in relation to the death of the patient 
cannot be evaluated. 

Author. 


Smirk, P. H.: Casual and Basal Blood Pressures; IV. Their Belationsbip to the 

Supplemental Pressure With a Note on Statistical Implications. Brit. Heart J. 

6: 176, 1944. 

The casual blood pressure may' be regarded as the sum of the basal blood pres- 
sure and the .supplemental pressure; this last represents the degree of blood 
'pressure elevation above the basal level due to whatever degree of physical, emo- 
tional, and suprabasal metabolic activity' is present at the time of blood pres- 
sure measurement. The basal pressure is the pressure measured at a time when 
physical, emotional, and metabolic activity are reduced to a physiologic minimum. 
In eases where it is impossible to do this because of restlessness or emotional ten- 
sion, the reading obtained should not be de.scribed as basal. Failure to obtain 
the true basal reading will not always be apparent to the observer especially' 
when, as is most commonly the case, the failure i.s due to emotional reasons. 

Both normal and hypertensive subjects with a high basal pressure have a 
greater statistical expectation of having a high casual pressure than do those 
whose basal pressure is low. Likewise tho.se with high supplemental pressures 
have a greater statistical e.xpectatiou of a high casual pressure than do those 
wlio.se supplemental pressure is low. 

Ill comparing one individual with another the basal and supplemental pres- 
sures are independent variables in the sense that the level of the basal blood 
pressure in an individual is no guide to the probable level of the .supplemental 
pressure. 

Alost statistics concerning the level of the blood pressure are concerned -with 
the casual readings. The fact that, when comparing one individual unth another, 
within a comparable physiologic group, the casual blood pressure is to be regarded 
as the sum of two independent variables has .statistical implications which are 
discussed. 

The supplemental pressure forms a significantly' higher proportion of the casual 
pressure among patients with e.ssential liypertension than among normal sub- 
jects. 

An improved method is recommended for determining tlie basal blood pressure. 

Author. 


Telford, I. E., Swegart, J. E., and Schoene, F. C.: Blood Pressure Studies on 
Normal and Vitamin E Deficient Eats. Am. J. Physiol. 143: 214, 1945. 

One-year-old vitamin E deficient female rat.s showed a reduction of 29 A per 
cent in their systolic blood pre.ssure when compared with normal rats of the same 

IIO.S in in,). lii 2-year-oId vitamin E deficient rats the reduction in 


age (73.2 mm. 
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good flow even at this low level of pressure, whereas in some instances a sluggish 
flow was present in the mesenteries of some dogs even when the blood pressure” was 
as high as 60 mm. of mercury. 

Following such large hemorrhages, direct observations showed that tlie corpuscles 
in the vessels were separated by more than the normal amount of plasma. At arterial 
pressures of 30 to 40 mm. Hg, the intestine became bluish red, in contrast to its 
normal pink color during control periods. 

Albumin infusions given into an artery after the pressure had been kept at 30 
to 35 mm. Hg for half an hour restored the blood flow, caused the constricted arteries 
and arterioles to relax, the blood pressure to rise, and the intestine and tongue to 
return approximately to their normal colors. This was similar to the changes ob- 
served when tlie blood previou.sl 3 ' withdrawn was returned. 

Authors. 

Baker, E. C., and Miller, F. A.: Further Experiences With Venography. Radi- 
ology 43; 129, 1944. 

The authors described a method of venograplij' which, in their hands, lias given 
practically complete visualization of the veins of the entire leg, thigh, and lower 
pelvis in most cases. The venograms are classitied into types or patterns, indicating 
acute and chronic block of the superficial and of the deep plexuses. Tliree types 
of venous thrombosis have been observed and described. Pour methods of abnormal 
venous return from the thigh to the body have been demonstrated. They believe 
that the procedure, when properlj- done, gives highly accurate information. 

AUTHOR.S. 

Jones, J. C., and Thompson, W. P.: Arteriovenous Fistula of the Lung. J. 

Thoracic Surg. 13: 357, 1944. 

Arteriovenous fistula of the lung produces a sjmdrome characterized by cyanosis, 
clubbing of fingers and toes, s^miptomatic polj'cythemia, and symptoms of anoxemia, 
usually in a young patient with an obscure lung tumor and a normal lieart. A con- 
tinuous murmur may be heard over the tumor. 

The treatment is resection of the fistula or pulmonary resection, either of the 
lobe or the entire lung. 

The ease of a patient with arteriovenous fistula of tlie right lung cured b}’ pneu- 
monectomv' is reported in detail. 

Authors. 


Enikeeva, S. I. : The Mechanism of Epinephrine Bradycardia and Shock in Young 
Animals. Am. J. Physiol. 143; 134, 1945. 

Puppies less than 45 daj’s old whose vagus centers show neither tonic activitv nor 
reflex excitabilitj' respond with cardiac acceleration to small doses and c.irc i.a 
slowing to large doses of epinephrine. Puppies and j’oung rabbits show tht.se rt 
sponses after section of both vagi but the .slowing does not occur after s.rnip.i let^ 
tomj'. Epinephrine bradj’cardia is through sympathetic innervation in vtrj jou g 

animals. , ^ 

Epinephrine bradycardia is reversible if the do.se is not too large. If tie lO-t 
exceeds the fatal dose for adults b,v eight to ten times, the young .inim.i wi ^ 
in thirty to one hundred eighty- minutes. Death in two to four minuft.s, c lara 
teristic of the adult rabbit, occurs in the \’ 0 Hng rabbit onh’ if the dose is tweii j 

thirty time.s the lethal do.se for the adult. 

Young rabbits do not .show lung edema after epinephrine as do adult.s, tlioug i 
it may bo produced in the v'oung rabbit by lung irritants. 

Author. 


Bimmerman, A. B.: Digilanid and the Therapy of Congestive Heart Disease. 
Am. J. AI. Sc. 209: 33, 194.5. 

Digilanid, a complex of lanatoside.s A, B and C, the pure glycosi.Jes i>i phntuUo 
lanata, adjusted by weight, was studied in twenty-seven cases of conge.stive lieart 
failure. Our investigation jirove.s digilanid to be an effective cardio-active prepara- 
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Hueper, W. C.; Experimental Studies on the Therapy and the Prevention of De- 
generative Vascular Diseases. H. The Effects of Several Detergents on Experi- 
mental Cholesterol Atheromatosis of Rahhits. Arch. Path. 38: 381, 1944. 

Tergitol Penetrant 08 and ISTacconol FSNO given by nioutli elicited degenerative 
and calcifying lesions in tlie aortas of normal rabbits in addition to causing pul- 
monary edema, hyperemia and hemorrhages, and pleural effusion. Triton K-CO given 
by the same route did not produce any vascular reactions. 

Similar pulmonarj'^ responses were seen in rabbits following repeated intravenous 
injections of Nacconol ISTElSrO, while rabbits given injections of Triton NE exhibited 
marked irritation of the intestine. Rabbits into which ISTacconol NENO or lierosol 
OT had been injected intravenously showed hyaline degenerated cerebral arteries 
and renal arterioles. Careinomatoid proliferations were found in the lungs of rab- 
bits fed Triton K-60 and ISTacconol FSISTO as well as in a cholesterolized rabbit 
given injections of Aerosol OT. 

Following repeated oral administration of Aerosol OT, Triton and lithium 
iodide plus potassium thiocyanide in rabbits fed daily 0,5 Gm, of cholesterol in oil, 
it was noted that Aerosol OT seemed to interfere to some degree with the develop- 
ment of hypercholesteremia and atheromatosi.s, whereas Triton NE and lithium 
iodide plus potassium thiocyanide appeared to hasten and aggravate these processes. 

Some of the evidence suggests that in certain respects there is an antagonism 
between the factors favoring atherosclerosis and those active in the production of 
thrombosis related to tlie wettability of the vascular wall, the circulatory con- 
ditions, and possibly also the oxygen-cai-bon dioxide tension of the blood. 

Author. 


Alberti, V. A. J., Segura, R. G-., and Lanari, A.: Influence of Diminution of Intra- 
thoracic Pressure on Blood Presrure in the Two Circulations. Medicina, Buenos 
Aires 5: 35, 1944. 

The pressure changes in cat.s, with an endotracheal aspiration, were studied with 
regards to the aorta, the pulmonary artery, and both ventricles. The pressure read- 
ings were performed with Hamilton’s manometer and through a thoracic puncture. 
The endothoraeic depressions that occurred rvere about .30 cm. of water. 

Negative pressures were registered in the pulmonary artery and in the right 
ventricle, without fall in the xnilse pressure. The thoracic aortic jn’essure did not 
change, and, regarding the left %’entricle, the systolic pressure was steady, while the 
diastolic w'as negative and similar to the right ventricle. 

The etiology of these change.^ and their relationship to the pulmonary circulation 
in lung atelectasis are discussed. 

Authors. 


Page, I. H., and Abell, R. G.; Effects of Acute Hemorrhage and of Subsequent 
Infusion Upon the Blood Vessels and Blood Plow as Seen in the Mesenteries 
of Anesthetized Dogs. Am. J. Physiol. 143: 182, 1945. 


The method used in these experiments was to bleed the dogs acutely at short inter- 
vals until the pressure fell to 30 to 35 mm. Hg, and to maintain the animal in that 
state for thirty to forty-five minutes. Direct microscopic observations of the vessels 
ill the mesentery of the dog showed that the arteries (0.39 to 1.2 mm. control di- 


ameters) constricted 20 to 00 per cent following removal of 2.5. to 5.5 per cent of 
the body weight of blood. The arterioles (24 to 05 diameters) usually constricted 
to a like degree, though sometimes slightly more. In many instances the* larger veins 
(I to 2.1 mm.) also constricted, the degree being from 12 to 43 per cent. The 
venules (100120) did not constrict; in some instances they dilated to 1.1 to 1.2 of 
their control diameters. The capillaries were not observed either to constrict or 
dilate. No measurements were made of arterioles having diameters of less than 24. 

At hypotensive levels of about 30 mm. Hg, produced in these experiments by the 
removal of 3.0 to o.o per cent of the body weight of blood, the arterial flow was 
usually slow and pulsatile. Sometimes it was intermittent. Stasis was frequently^ 
present in some of the venules. For the most part the capillary bed was ischemic 
Some variation occurred, however, and an occasional dog maintained a moderately 



Book Reviews 


The Foetal Circulatio.v axd Cardiovvscclau SYbXEJt, Axn the Changes That 
They Undeugo at Birth. By Alfred E. Baiclay, Kenneth J. Franklin, and 
ifaroone M. L. Prichard, ISTuffield Institute for Medical Eeseaieh, 0.\ford. 
Blackwell Scientific Publication, Ltd., Oxford, 1944, pp. xvi and 27J, 160 illus- 
trations, some in color; 50 shillings. 


This monograph is a most inteicstingly wiitten account of tiie fetal cardiovas- 
cular system and the circulation of the blood in one paiticular species of animals — 
tlie slieep-— with a general discussion of this subject in other forms, C'.pecially m 
man. In it aie brought together the results of a long series of painstaking e.xperi- 
ments performed by a gi-oup of physiologists at Oxford, England, with the co- 
operation of their colleagues at Cambridge. It is definitely the most complete piece 
of work of its kind. The subject of the eiiculation thioiigh tlie heait of tlie fetus 
is a very old one. It is doubtful whether any subject in cmbiyologj- lias provoked 
so much discussion. Mhether there is a sepaiatlon or a complete mixing of the 
superior and inferior caval blood stream in the fetal light atiium is a question 
which has been thrown back and forth by investigatois for at least three centuries. 
Heie, for the first time, is a eoniplete explanation of the true state of aft'aiis in the 
fetal heart of one species of animals. 

The first chapter of the monogiaph is an liistorical account divided into several 
peiiods. Much has been done to elaiify ceitain misstatements which have been passed 
fiom one author to another in the liteiatuie. The second eliapter of the book takes 
up the operative pioeedure and the special technique used to obtain roentgen 
cinematographic lecords. A detailed description is given of the special roentgeuo- 
giaphic technique which was used to lecoid tiie passage of contrast material through 
the heart and gieat vessels of the living fetu.s. Two types of recoidings were used. 
In one of them a series of loentgenogiaphic exposuies was made on film 5 inches 
wido at the late of three or four fiames per second. Tlie clearest images were pro 
duced by this method, but another, indirect method was found useful for obtaining 
records on 16 mm. motion pictuie film; an image on a fluorescent scieon wa.s photo 
giaphed thiough a veiy fast lens. 

The rest of the second chapter is devoted to a description of the lesiilts obtained 
by these methods — the actual couise of the blood flow in tlie fetal lamb. Beautiful 
loentgenogiams illustiate successiv-e stages of, the passage of radiopaque niatcnal 
through the vessels and heart in an adult animal (cat) and in the sheep fetus. 
In some ex'peii merits the contrast material reached the heart through the superioi 
vmna cava, and in others through the umbilical vein, ductus venosus, and inferior 
vena cava. The painstaking and detailed experiments which are described in this 
chapter of the book cannot be adequately covered in a leview'. One must read the 
authors’ own account of these, and examine carefully their illustrations to fullv ap 
predate the splendid results. 

To summarize very briefly, they found that radiopaque material iiitrodui ei 
through the supeiior caval stieam pas.'-ed thiougli the right atrium, the right ven 
tricle of the heart without traveising the foramen ovale, and entered the puliiioiiap' 
trunk. A verj- appreciable amount went through the pulmonary circulation, and t it 
rest of it was shunted by the ductus arteiiosus into the dc-ceiiding aorta. 
experiments were performed to identify the ductus arteiio-'ii-i definitely and to .stm v 
the changes in the flow from the superior vena cava when the ductus arteriosUs clo'-n . 

In an equally striking manner the authors demonstrated the cour-e of radiopaque 
material traversing the inferior vena cava fioni the umbilical vein. It was found 
to pass very largely through the foramen ovale into the left atnuin of the heart, 
the left ventricle, and thence through the ardi of the aorta and the vessels to the 
heart itself, the upper extremities, and the head. A sniall fraction of the iiiftrior 
caval stream travei.-ed the rigiit side of the Jieait, and thence went tlirough tin 
pulmonary circulation and ductus arteriosus. 

Chapter.s III to VI are concerned with an attempt to tell the full anatomic and 
pliysiologie story of the cardiovascular -.>stem and circulation ot the lilood in the 
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tion, whicli lias the advantages of purity, stability, and accuracy as to dosage and 
therapeutic etfect. 

The average oral digitalizing dose is 12% mg. (thirty-eight tablets) while the 
oral maintenance dose was found to be % mg. (one tablet) in all but one case, which 
required % mg. (two tablets). 

Digilanid intravenously in doses of 4 e.c. (2% mg.) proves to be li potent therapeu- 
tic agent in congestive heart diseases with either normal rhythm or auricular 
fibrillation. The intravenous administration in doses of 4 c.e. is particularly in- 
dicated in cases of emergency, since its effect is reached within three hours, tlius 
saving time of hospitalization. Author. 


Pines, I., Sanabria, A., and Arriens, E. T.: Mercurial Diuretics; The Addition 
of Magnesium Sulphate to Prevent the Toxic Effects of Their Intravenous 
Administration. Brit. Heart J. 6: 197, 1944. 

The course of acute intoxication produced by tlie intravenous or intracardiae in- 
jections of esidrone was studied on normal dogs with tlie help of tlie electrocardio- 
graph. It is concluded in agreement with other authors tliat mercurial diuretics in 
certain doses are general depressants for the whole cardiac muscle. The following 
pattern of intoxication was observed: changes of T waves, intraventricular and 
auriculo-ventrieular conduction disturbances, diminution of frequency of impulse 
formation in S-A node, ventriuclar paroxysmal tachycardia, chaotic heart action, 
ventricular fibrillation, and death. 

The addition of small quantities of magnesium sulfate (0.5 e.c. of a 20 per cent 
solution) prevents ventricular fibrillation and death, even if doses seven times higher 
tlian normal letlial doses are used. Magnesium sulfate, however, does not prevent, 
and even perhaps increases, the conduction disturbances resulting from the admin- 
istration of lethal doses of mercurial diuretics. On the other hand, .such amounts 
of magnesium sulfate increase the diuretic response, are entirely safe, and mix with 
mercurial diuretics without forming any precipitate. 

It is suggested that small quantities of magnesium sulfate be incorporated into 
the mercurial diuretics in order to prevent fatal reactions resulting sometimes from 
the intravenous injections of these drugs. 

Author, 


Prescott, F,: Clinical Evaluation of the Pressor Activity of Methedrine, Neo- 
synephrine, Paredrine, and Pholedrine. Brit. Heart J. 6: 214, 1944. 


The clinical effectiveness of four pressor drugs, methedrine (pervitin, d-desoxy- 
ephedrine), paredrine, neosynephrin, and pholedrine (veritol, paredrinol) has been 
examined. Each drug was tested on twnnty patients showing a severe fall in blood 
pressure (to 80 mm. Hg, systolic pressure, or to 10 mm. Hg, pulse pressure) during 
major surgical operations. The following were evaluated for each drug: optimum 
dose for a pressor response; maximum systolic and diastolic blood pressures, and 
rise in systolic and pulse pressuer after giving the drug; eff’ect on pulse rate; time 
taken for the drug to act; duration of action; and side effects on the cardiovascular 
system. On the basis of the results obtained the clinical effectiveness of the four 
pressor drugs examined is in tliis order: methedrine, paredrine, neosymephrin, phole- 
drine. The principal criteria on which this opinion is based are: rise of systolic 
and pulse pressure when the drugs are given to surgical patients with a systolic 
blood pressure of 80 mm. Hg or less, the speed and duration of action, and the 
relative freedom from side effects on the cardiovascular system. 

The table below .summarizes the results obtained. 


Methedrine Paredrine 
Satisfactory result IS S 

Unsatisfactory result 2 12 


Heosynephrin 


t 

13 


Pholedrine 

4 

16 


20 20 20 20 
A result was rated as satisfactory if the .systolic pressure remained above 100 mm 
Hg and the pulse pressure was not less than 30 mg. Hg for a period of two hours or 
more. 
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mature sheep fetus and the changes which ocecur during and after birth. Chapters 
VII and Vril deal with comparative anatomic and. plu^siologie studies. 

In the latter part of the book there are several chapters dealing with the cardio- 
vascular system and changes occurring at human birth. Here the authors have 
brought together many widely scattered observations and have presented them, in a 
most readable fashion. 

The Foetal Ciroulation will be read with great interest by all who' are concerned 
with the structure and function of the heart. It was a welcome surprise to learn 
of the publication of this book on a subject truly unrelated to the war, and in a 
country which has sulfered so grievously in the present conflict. No small com- 
mendation to those responsible. V'lLWAjr F. Winble. 

El Apailvto Cakdiovascular ex las IxsriFiciEXCiAS Txroideas: By Dr. J. 0. 

ilussio Fournier, Dr. Jose M, Cerviiio, and Dr. Juan J. Bazzano. Salvat Editores, 

Barcelona and Buenos Aires, 1944, 150 pages, 27 illustrations. 

This volume is published by the Institute of Endocrinology of the School of 
Atedieine of Alontevideo. The authors give a very complete review of the literature, 
together with the results of their study of sixty eases of myxedema. 

Atherosclerosis, chronic renal lesions, myxedema heart disease, cardiac failure, 
angina pectoris, and myxedematous hydrops are discussed in the flrst part of the 
book as cardiovascular conditions which ai’c directly due to myxedema. 

The second part includes a discussion of cardiovascular disturbances caused by 
myxedema but superimposed on pro-existing lesions. 

In the third part of the book there is a discussion of the transitory amelioration 
of either angina pectoris or cardiac failure which results from surgical removal of 
the thyroid gland. 

In the last part the cardiovascular disturbances caused by thyi’oid treatment of 
my.xedematous patients are considered. 

The symptomatology of myxedema is studied systematically. Dyspnea, palpita- 
tion, precordial pain, mild peripheral edema, cyano.‘«is, changes in cardiac rhythm 
and in arterial and venous pressure, and weakening of the heart sounds are critically 
considered. The two paragraphs on roentgenologic and electrocardiographic changes 
are of particular interest. Tlie theory which attributes low voltage of the P and T 
waves to a change in the electrical resistance of the skin and that which attributes 
low voltage of QfiS to the presence of fluid in the pericardial sac are discussed and 
held to be valid only in individual cases. Changes in tlie T wave and S-T segment 
can be ascribed divectl}^ to mjwedema only when they fail to be modified by vaso- 
dilators and disappear during thyroid treatment. 

Interstitial edema, in addition to' separation and destruction of the myocardial 
fibers, is thought to be the main cause of the different signs of myocardial disease. 
Angina pectoris of myxedema which disappears after thyroid treatment is rare. It is 
attributed to underlying, silent coronary' sclerosis, with superimposed functional 
elements either caused or favored by myxedema. 

The discussion of tlie results of therapeutic thyroidectomy in ca.ses of heart disease 
will be of interest to many cardiologists. 

The photographs, roentgenograms, and electrocardiograms are well chosen and 
well reproduced, and the bibliography- is complete. 

A summary, with a brief statement of the authons’ views on the different aspects 
of the subject, would have increased the value of the book, which will undoubtedly 
be read with interest, 

Aldo Leisada. 


Announcement 

Ib coniplidiiee tvitli tiie order of tlie Production Poard wliicli 
limits the amount of paper consumed in the production of this Journ al 
the pubiishei-s find it necessary to change the format. As soon as these 
restrietions are lifted the original format tvill be restored. Even thouo-h 
the number of pages has been reduced, the actual content of the Journal 
lias not been decreased to any appreciable extent. 


The Editors. 
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cases showed a surprisingly lugh incidence of both the acute and subacute varie- 
ties of bactei’ial endocarditis. The acute endocarditis group, comprising nine 
eases, has ali-eady been reported.® This communication is devoted to eighteen 
eases of subacute bacterial endocarditis in patients ranging from 60 to ST^yeam 
of age, which were obseiwed on the wards of the m. Sinai Hospital during the 
past ten yeai-s. The age of 60 has been chosen as a minimum, partly because it is 
a convenient point of reference and partly because it represents a period of life 
when the aging process is usuaUy well developed, having had its inception Ion" 
before this. 

The cases have been classified elinieallj" according to the diagnostic problem 
involved, as f oUoavs : 

Group A. Individuals presenting tlie typical, though often modified, 
clinical picture (nine cases). 

Group B. Individuals in whom the diagnosis presents serious difficulties. 

1. The baeteria-free eases (five cases). 

2. Cases in which the diagnosis was completely obscured (four 
cases). 

Tables I, II, and III summarize the salient clinical and pathologic features 
of these groups. 


THE AGING OF THE CARDIOVASCULAR SYSTEM 

The viewpoint of the ancients — that old age itself is a disease (senectm 
ipsa est morlus ) — dominated medical thinking until about one hundred years 
ago, when, with increased knowledge, it became possible to differentiate many 
of the diseases that occur in advanced life. Today, the aging process and its 
inevitable end point, death, are considered essential properties of all living 
matter, and we can enumerate many of the fundamental stiTictural and func- 
tional changes that characterize senescence. This has recently been well done bj’^ 
Carlson 

‘ ‘ Progressive age changes not as yet sho^vn to be due to specific diseases are : 
gi’adual tissue desiccation; gradual retardation of cell division, capacity ol 
cell growth and tissue repair; gradual retardation in the rate of tissue oxida- 
tion; cellular atrophy, degeneration, increased cell pigmentation and fatty in- 
filtration; gradual decrease in tissue elasticity and degenerative changes in the 
elastic connective tissue; decreased speed, strength and endurance of skeletal 
muscle; and progi’essive degeneration and atrophy of the nervous system; im- 
paired vision, hearing, attention, memoiy and mental endurance.” 

While theoretically possible, death fi'om old-age changes alone rarely, if 
ever, occui*s. Death is always found to be the immediate result of some definite 
process. 

In considering aging of the eai’diovascular system we find that 001111*“ has 
carefully described the gross and microscopic anatomic changes in the heart as 
well as its functional alterations. It is, however, clear from clinical experience 
that these changes, as Boas** emphasized, do not produce a clear-cut clinical 
picture, nor do they of themselves bring about a fatal issue. Actually the hearts 
of old people often show remarkably good functional capacity in spite of organic 
handicaps. This has been attested by WiUius’*- study of the hearts of seven 
hundred patients 75 years of age and older. 

Ai’teriosclerosis was at one time regarded as an invariable concomitant, 
if not an essential part, of the aging process. That this is not true can be seen 
in any post-mortem room where the aged come to examination. The gross 
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SUBACUTE BACTERIAL ENDOCARDITIS IN THE AGED 

Frederic D. Zeman, M.D. 

New York, N. Y. 

INTRODUCTION 

S UBACUTE bacterial endocarditis has actively engaged the attention of 
medical investigatoi's ever since the clinical and pathologic studies of Oslei'd 
Horder,' Billings,^ Schottinueller/ and Libman and Celler,^ taught physicians 
to differentiate the disease from other cardiac afflictions. Today, interest in 
this condition has been stimulated by the dramatic results achieved by Toiiroff® 
in the surgical treatment of patent ductus arteriosus complicated by bacterial 
endocarditis and by the remarkable success of Loewe and his collaborators^ in 
the treatment of the disease with large doses of penicillin in combination ndth 
heparin. The present contribution is concerned with the occurrence of the dis- 
ease in advanced age, hitherto but little emphasized, and attempts to define 
the clinical picture as modified by the manifestations of senescence and by 
various associated diseases. That bedside studies of old-age changes and the 
related maladies must be undertaken in teims of present day medicine has been 
emphasized elsewhere.® The need is urgent since the number of older in- 
diwduals in the population is increasing so rapidly that the practitioner is 
more and more confronted by medical and surgical pinblems directly related to 
the advancing years. 

Sly attention was first drawn to tlie iirobleni of subacute bacterial endo- 
carditis in the aged some fourteen years ago by a patient, 84 years of age, whose 
only symptoms were persistent severe backaclie and low-grade fever. More than 
a month passed before the possible value of a blood culture was realized. The 
recovery of Streptococcus viridans from the blood stream, on several occasions, 
made the diagnosis clear. The cardiac examination disclosed coarse systolic 
murmurs at the apex and at the base of the heart. Petechiae were noted only 
twice durmg the three months that he was under observation. Chills and night 
sweats became troublesome late in the illnes.s, which terminated with signs 
pointing to cerebral embolism. Necropsy was not performed. Discussion of the 
case with colleagues at the time indicated that subacute bacterial endocarditis in 
the aged was not rare in their experience. Indeed, it appeared that more than 
one personage of note had fallen vietun to this disease late in life. 

Interest in the problem was re-awakened by the recent review of seven 
hundred post-moihem examinations of indimduals 60 years old and over. These 
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diffuse vascular lesions coiTiiiioiiIy ineluded. in the term “arteriosclerosis are 
conspicuously absent from the coronaiy arteries in as many as 30 per cent of 
old people.^'’’ Changes in the arteries properly ascribable to old age are, to be, cor- 
related with those caused by mechanical, toxic, infectious, endbenne, metabolic, 
and neural agencies. 

Since the association of increasing morbidity and inortality with advancing 
age is a commonplace of human experience Avliich can be readily proved statis- 
tically,^-^ we must look upon the structural and functional changes of senescence 
as providing the fertile soil, in which the most diverse diseases flourish singly 
and in combination with one another. So numerous are these morbid processes 
that the' physician engaged in the treatment of old people finds , it hard to 
differentiate clinically between so-called normal aging and its overgrowth of 
major maladies. 

This difficulty will become clearer as we proceed with the study of subacute 
bacterial endocarditis, for here we shall see this disease flourish in association 
with many others. The question may well be posed : why do old people, who 
have had rheumatic heart disease for many years without symptoms, develop 
a secondary infection of the heart valves so late in life? Whether or not this 
lack of resistance to infection is to be regarded as an effect of the aging process 
is a problem that does not at present admit of ready solution, 

LlTERATLUiE 

A review of the numerous papers on subacute bacterial endocarditis shows 
that nearly all the reported large series include cases in the higher age groups, 
but that, Avith several notable exceptions, no particular emphasis has been placed 
upon the older patients afflicted with the disease. In Blumer’s^^ comprehensive 
review, published in 1923, he stated: “the figures indicate that subacute 
bacterial endocarditis is a disease of adolescents and young adults. In other 
words, the disease occurs during the period of greatest incidence of valvular 
heart disease, excluding the types due to syphilis and arteriosclerosis." 

Clawson,^® in 1924, reported 72 cases, of which nine occurred in the sixth 
decade, two in the seventh, and one in the eighth. Thayer,^' in 1926, discussed 
78 cases of Avhich eleven occurred in the sixth and six in the seventh decade. 
Fulton and Levine,^® in 1932, gave their findings in 111 patients, of Avhom the 
oldest was a man, 64 years of age. Hoft’^® in 1940, commenting on the clinical 
vagaries of endocarditis, described a group of five cases, characterized by pro- 
gressive heart failure, which included a Avoman, 78 years of age; and a second 
group, characterized by a septic omset Avith symptoms of pneumonia and menin- 
gitis, of Avhieh one Avas a man, aged 60 years. Of thirteen patients, five Avere 
OAm- 50 years of age. 

Willius,"'^ in 1940, jn’esented tlie ea.se of a man, aged 82 years, suffering 
from subacute bacterial endocarditis, and pointed out that the chief interest lay 
in the patient’s age, since “in the v'ast majority of cases the patients are less 
than 60 yeai-s of age." The underlying valvular lesion was believed to be 
arteriosclerotic in nature. 

In 1941, Chiistian,"’- in discussing the determinatiA’-e background of the 
disease, emphasized tlie large number of young men affected, but took pains 
to point out that “subacute bacterial endocarditis eases occur in all age periods, 
and are not proportionately infrequent in the older groups, a fact that seems 
not to have been recognized very generally." Libman and Friedberg^^ 
monograph (1941) pointed out that “about tAvo-thirds of the eases of subacute 
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bacterial endocarditis occur in the third and fourth decades of life. Less com- 
monly, however, the disease affects pei-sons at anj’- age of life from early child- 
hood to old age.” 

Two statistical studies on the age incidence of disease are of great interest. 
Hedley,^^ who studied rheumatic heart disease in Philadelphia, found, in tlie 
five-year period from Jan. 1, 1930, to Dec. 31, 1931, 288 fatal cases of subacute 
bacterial endocarditis, of which thirty, or 10.1 per cent, occurred in pei-sons 
over 50 years of age. Of these, five patients, or 1.7 per cent of the total, were 
over 60 years of age. Of the thirty eases, fourteen wmre secondary to rheumatic 
heart disease, the remainder to otlier forms of cardiac disease. The autlior’s 
only comment on these older patients is: “all students of this problem with 
pos.sible exception of Thayer observed that subacute bacterial endocarditis is 
infrequent during the age period under ten years and among pei-sons over 60 
3 "ears of age.” 

Gelfman--* has recently reported on the incidence of acute and subacute 
bacterial endocarditis in fatal rheumatic heari disease from two Boston hospitals. 
Of great significance for the student of the heart in old age is his finding that, 
of 152 eases of rheumatic heart disease, 78, or 17.3 per cent, occurred in patient.s 
60 year's old and over. Of the 152 patients, 115 or 25.1 per cent, suffered also 
from acute and subacute bacterial endocarditis. Of these 115 patients, eight, 
or 6.9 per cent, were over 60 years of age, five cases occurring in the seventh, two 
in the eighth and one in the ninth decade. 

These statistical reports demonstrate that the recognized incidence of the 
disease in old age is considerable. It is probable, however, that many cases of 
subacute bacterial endocarditis escape recognition because of the difficulties in 
diagnosis and also because sick old people are not often sent to hospitals w'here 
the correct diagnosis may be disclosed at necropsy. An additional factor is the 
tendency on the part of physicians to ascribe all the complaints of old persons 
to some manifestation of arleriosclerosis. 


That considerable confusion exists even among pathologists is indicated 
by Denman’s analysis,*'"’ in 1912, of fifty autopsied cases of .subacute bacterial 
endocarditis. Following the table of age incidence, which includes five cases in 
patients ranging from 51 to 60 years of age, Denman states: “Six more eases 
w’ere seen, but were excluded from this sex'ies because of their age and the pos.si- 
bility that their infectious endocarditis was a terminal manifestation rather than 
the primary cause of death. Their ages were 59, 66, 67 (two), 75 and (8 


yeai-s. 


The sole specific contribution to the problem of endocarditis in the aged 
has been made by Baylcs and Lewis,*'' in 1910, wdio reported twenty-eight 
patients ranging fi’om 10 to 72 years in age. The coi'rect clinical diagnosis \\as 
made in only one-half of their ca.se.s. The most common pre-existing bcMit 
disease was rheumatic, occurring in 57 per cent, but arteriosclerotic, .syphilitic, 
and congenital lesions (bicuspid aortic valves) were also present. They empha- 
size that the clinical features are e.ssentially tiie same as in young patients but 
less accentuated: heart failure and azotemia are more common; demomstra ne 
bacteriemia is less common. They conclude: “Subacute bacterial endocarditis 
occurs more frequently than suspected or lieretofoie reported in older in- 
dividuals.” In addition they suggest that, if the lives of patients with rheumatic 
heart disease be prolonged by more efficient care, the complication of subacute 
bacterial endocarditis may be more frequently postponed to their later year.s. 
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be kept under observation throughout life, mid a blood culture taken promptly 
if fever obscure in origin occurs.” Uhley^" has described Lutembacher's 
syndrome (interatrial septal defect and mitral stenosis) occurring in a man 
aged 60 years, and mentions several other cases in older patients.®^ ^ 

In Case 9 of this series, a congenital defect of tlie interventricular septum 
(maladie de Roger) was foimd at necropsy. The patient was a 61-year-old man, 
who had no previous history of heart disease. Superimposed upon this typically 
located small defect were the lesions of subacute bacterial endocarditis, which 
had extended to involve and perforate the right aortic cusp and had also been 
implanted on the septal leaflet of the tricuspid valve. In Abbott's statistical 
analysis of 1,000 cases^- of congenital heart disease, we And fifty eases of inter- 
ventricular defect. The ages of the patients range from fetus to 49 j^ears, and 
death is ascribed to bacterial endocarditis or endarteritis iii thirteen cases. 


Case 17 Avhieh exhibited a bicuspid aortic valve, is not included in the con- 
genital group, since frank rheumatic lesions of the mitral valve were also present. 
Koletslcy2“ has recently investigated the significance of bicuspid aortic valves in 
relation to bacterial endocarditis, confirming the views of Gross^® that these valve 
changes are nearly all acquired and of rheumatic oi-igin, and that this etiological 
factor explains their frequent association with superimposed endocarditis. 

The mitral valve was involved by rheumatic changes in ten cases mid by 
arteriosclerosis 'in two cases. Subacute bacterial endocarditis was engrafted on 
both arteriosclerotic valves, but only on eight of the ten rheumatic valves. The 
aortic valve was involved by rheumatism in eight cases, by syphilis in one case, 

, and by arteriosclerosis in one ease. Subacute bacterial endocarditis was found 
on the aortic valves ten times, in seven cases secondary to rheumatism and in 
one case each secondary to syphilis, to arteriosclerosis, and to congenital septal 
defect. 


The aortic and mitral valves ivere simultaneously affected by rheumatic 
changes in eight eases, by arferiosclerotic changes in one case, and by subacute 
bacterial endocarditis in five cases. The tricuspid valve was the site of rheumatic 
changes in four cases, but of subacute bacterial endocarditis in only one of them. 
In Case 9 the tricuspid valve was secondarily involved by the vegetation ui’ising 
in the interventricular septal defect. 

As might be anticipated in a group of patients 60 years old and over, 
arteriosclerotic changes of marked degree Avere found in the hearts. ./Vi'lerio- 
sclerotic lesions of the valves were the site of vegetative endocarditis in only two 
instances (Cases 3 and 16). In four instances (Cases 2, 3, 10, and 15) marke 
coronary artery sclerosis Avas noted. In Case 16 the folloAving changes Aveie 
found: old occlusion of the light coronary artery, aneurysm of the left ven- 
tricle, acute myomalacia, and myocardial fibrosis; in Case 17, old incomplete 
occlusion of left coronary arteiy, and aneurysm of left ventricle. In this ast 
case the clinical picture of subacute bacterial endocarditis Avas masked by t ic 
arteriosclerotic heart disease. In Case 16 the clinical picture Avas domma e( 
by hemiplegia of embolic origin. In Case 14, not autopsied, the elect rocai lo- 
gram indicated myocardial damage. Case 5 had suffered typical myocardial in- 
farction six months before the diagnosis of endocarditis Avas made. 

These findings indicate that even in old age rheumatic valvular lesions aie 
the most important i)rodi.sposing cause for localization of subacute endocardial 
inflammation. In our preA’ious paper,® a similar conclusion Avas reached foi 
acute bacterial endocarditis. Arteriosclerotic Amlvular lesions seem to be numer- 
ically less significant. On the other hand, arteriosclerosis of the coronary vc-sscls 
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PATHOLOGY • . 

Of tlie eighteen eases discussed in tliis paper; the fourteen which were . 
examined at necropsy form the basis of the pathologic discussion. The principal 
etiological types of heart disease are represented in this group and fuinisli the ^ 
foundation for the endocardial lesions. Congenital heart disease was present 
in one subject (Case 9), syphilitic in one (Case 2), thyrotoxic in one (Case 15), 
rheumatic in ten (Cases 1, 4, 8, 10, 11, 12, 13, 15, 17, and 18), and arterio- 
sclerotic in seven (Cases 2, 3, 8, 10, 15, 16, and 17). Multiple etiological types , 
were present in five of these eases: syphilis and arteriosclerosis occurring to- 
gether in Case 2 ; rheumatic lesions and arteriosclerosis in Cases 8 and 10 ; and 
arteriosclerotic, rheumatic, and thyrotoxic changes in Case 15. 

The incidence of elearlj^ demonstrable old rheumatic valvular changes in 
ten of the fourteen autopsied eases is noteworthy in a group of patients over 
60 years of age and is to be compared with Gelfman’s Boston series.-'^ In- 
creasing emphasis bj'' other writers shows that the occurrence of rheumatic heart 
disease in the aged must be regarded as considerable. White and Bland-" have 
reported eases of rheumatic heart disease occurring in aged individuals. In tlie 
ease of Eakov and Taylor,-® a ivoman, 61 years old, Avas found at necropsy to . 
have suffered from extensive acute rheumatic myocarditis, the entire myocardium 
being diffusely infiltrated bj’ large numbers of Aschoff bodies. Attacks of 
paroxysmal nocturnal dyspnea, associated Avitli congestive heart failure, Avere 
the outstanding clinical features in tliis ease. 

The occurrence of syphilis as an etiological agent in subacute endocarditis 
in the aged has been emphasized by Bayles and LeAAUs.-® In Case 2, syphilitic 
aortitis and valvulitis Avere demonstrable at post-mortem examination, but for 
the true incidence in this series Ave must add Case 6, in Avliich the diagnosis Avas 
AAull established on clinical grounds. 

Some diversity of opinion exists as to the relationship of endocarditis to 
syphilitic aortitis and valvulitis. Smith,-® reporting on the co-existence of 
syphilis of the aorta and bacterial endocarditis, presents tAAo cases of acute and 
one of subacute endocarditis accompanied bj^ sypliilitic aortitis. In only one of 
these does he believe that the endocarditis Avas engrafted on a syphilitic 
valAulitis; in the second ease the endocardial lesion occurred on undamaged 
AulA’-es, and, in the last, it Avas based on a rheumatic AulAuilitis. Boyd®® belicA’-es 
that bacterial endocarditis superimposed on syphilitic valvulitis occurs more 
frequently than the literature aauuM indicate. In 105 cases of bacterial endo- 
carditis, he found fourteen to be definitely satisfactory examples of vegetatiA'^e 
endocarditis superimposed on old syiihilitic aortic valve disease. Koletslij-®^ 
studied five cases Avith the diagnosis of cardiovascular syphilis and bacterial 
endocarditis. In four of these, stigmas of rheumatic fever AAure present, and 
ill the fifth the endocarditis Avas engrafted on a normal aortic valve. My 
observations do not support the belief that syphilis is a significant predisposing 
factor in bacterial endocarditis. 

The finding of congenital heart lesions in individuals aaIio are advanced in 
years will not surprise anyone familiar Avith the Avork of Abbott.®® The condi- 
tions described in her acyanotie and cyanose tardive groups are compatible Avith 
a fairly long life. In Touroff’s series® of cases of patent ductus arteriosus com- 
jilieated by subacute bacterial endocarditis, he reports tAVo patients, one of 51 
year’s, and the other 63 years. He points out; “Subacute bacterial endocarditis 
may occur at any age and constitutes a perpetual threat to the patient Avith a 
patent diictiis arteriosus. . . , The patient Avith a jiatent ductus arteriosus should 
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in Case 2; and cerebral embolism in Case 16. In general, fewer infarctions were 
found in the bacteria-free gi’oup of eases. 

BACTERIOLOGY 

Of the nine cases classified as active (Group A), Streptococcus viridans was 
recovered from the blood stream in seven, Enterococcus and Hemophilus para- 
iiifluenzae in one each. Of the five bacteria-free eases (Group B, 1), blood cul- 
tures were not taken in two and in the others were repeatedly sterile. Of the 
clinically obscure cases (Group B, 2), blood cultures were not pei^ormed in 
three, and in the remaining ease, six cultures were taken, of which only the fifth 
revealed Str. vindmis, its source being erroneously ascribed to an acutely in- 
flamed parotid gland. 

In none of these cases was a mixed infection found, although in two of our 
series of acute bacterial endocarditis cases, two organisms were isolated from 
the blood stream. Enterococcus and Staphylococcus alhus were associated in 
one patient; Pneumococcus and Streptococcus hemolyticus in the other. Libman 
and Friedberg-- mention two tj^pes of mixed infection in subacute bacterial 
endocarditis. “The most common combination is an endocarditis due to an 
hemolytic streptococci ivith a seeondaiy pneumococcus bacteremia, usually 
secondary to lobai* pneumonia. We have observed also a seeondaiy implantation 
of Staphylococcus aureus on valvular vegetations due to non-hemolytie strepto- 
cocci.” Orgain and Poston"*^ have reported six patients with bacterial endo- 
carditis from whose blood they repeatedly cultured two or more distinct species 
of baetena. There was little in the histoiy, physical examination, laboratory 
data, and clinical coui’se of their eases to suggest a mixed infection. They em- 
phasize that recognition of a mixed infection is of fimdamental importance in 
sulfonamide therapy, since the dimg may affect one organism and not the other. 

The oceuiTence of H. parainfluenzae as the cause of subacute bacterial endo- 
carditis is well known. Eose,'’^ in a recent communication, has pointed out the 
baeteriologic differentiation between U. influenzae and H parainfluenzae, em- 
phasizing the great raiaty of the former in endocarditis. He contributes an 
authentic ease of H. influenzae, Type A., endocarditis. 

The portal of entiy of the infection in subacute bacterial endocarditis is 
nearly always obscure, although the upper re.spiratory tract and the teeth are 
frequently implicated on the basis of clinical study. In this series of old people 
the associated and unrelated pathologic lesions may be of importance, such a.s 
the bilateral nephrolithiasis in Case 2, the healed (?) osteomyelitis of the jaw 
in Case 5, and the left pyonephrosis and biliaiy lithiasis in Case 10. lhat theic 
is a specific lowering of resistance to bacterial infection attributable to the 
changes of senescence, can only be inferred from the occun’cnce of the valvulai 
infection late in the life of individuals who had undoubtedly carried rheumatic 
valvular lesions throughout a large pai-t of their lives. Other explanations oi 
equal validity are possible. 

CLINICAL EE.VTLT?ES 

Table IV gives the age and se.x distribution of the eighteen cases. The 
male cases predominate over the female, and, wliile these figures can have but 
little significance, it will be recalled that in series of yoiuiger patients the disease 
also seems more prevalent among men. Thirteen of the cases occur in the first 
half of the seventh decade of life, one in the seennd half, three in the first hair 
of the eighth decade, and one in the second half of the ninth. The-se figures 



ZEJIAN: SUBACUTE. BACTERIAL EDOCARDITIS IN AGED 


673 


occiuTecl in six of , the thirteen cases, often associated mth severe myocardial 
damage, and thus assumes imi)ortance by influencing the clinical picture, tend- 
ing to obscure the presence of the endocarditis. 

The cardiac lesions associated ivith sclerosis of the coronary vessels re- 
sulting in . acute and chronic changes in the myocardium may have another 
pathogenic relationship to bacterial endocarditis. Keefei’®' has emphasized the 
occurrence of nonbaeterial thrombotic endocarditis^® in a variety of chronic 
diseases, including chronic heart disease, leucemia, cancer, and chronic pul- 
monary tuberculosis, and believes that these sterile platelet thrombi furnish 
favorable sites for the localization of bacteria. The experimental work of 
NedzeP® also has direct bearing on the pathogenesis of endocarditis in general 
and particularly in the aged. This worker studied, in dogs, the effect on the heart 
valves of pressor episodes artificially induced by injections of pitressin and 
found that by this method he could produce changes in the valvular endothelium 
and the subendothelial tissues which resembled, at first, nonbaeterial and, later, 
bacterial endocarditis. He relates these artificial and highly exaggerated vascular 
spasms to those disturbances of splanchoperipheral balance occurring in human 
beings as the result of imusual changes in the meteorologic environment. The 
fundamental cause of the tissue changes, according to Nedzel, is local tissue 
anoxia of vai-ying intensity. If these experimental studies are valid, they give 
us insight into the ivay in which nonbaeterial thrombotic endocarditis may arise 
in a variety of serious diseases, and into the mechanism by which these primaiy 
lesions become secondarily infected. 

In addition to the association of endocarditis with marked cardiac arterio- 
sclerosis, certain other concomitant pathologic features of these eases are note- 
worthy. In Case 1 the terminal clinical picture of extreme peripheral cyanosis 
and coldness of the extremities suggested the diagnosis of ball-thrombus in the 
left auricle. Post-mortem examination revealed that the mitral valve vegetation 
was large enough to partially occlude the miti-al orifice and had the same effect 
as a free ball-thrombus. In Case 2, where subacute bacterial endocarditis 
was engrafted on syphilitic aortitis and valvulitis, a mycotic aneurysm was 
present at the base of the aorta inth an overlying fibrinous peilcarditis. IMultiple 
emboli were found in brandies of the inferioi* mesenteric arteiy. In addition, 
a healed duodenal ulcer, bilateral nephrolithiasis, and chronic pyelonephritis 
were found. Case 10 revealed to the pathologist a left calculus pyonephrosis, 
cholelithiasis, choledocholithia.sis, and hepatic lithiasis. Cirrhosis of the liver 
Avas an additional lesion in Case 3. 


The associated renal lesions are ivorthy of separate consideration since this 
series shows, in striking fashion, the difference between the active and bacteria- 
free cases, as pointed out by Libinan,-**’ and Baehr and Lande.‘‘^ Four of the 
six cases in Group A showed focal embolic glomerulonephritis without any 
clinical evidence of renal insufficiency, while two of the five bacteria-free cases 
showed chronic diffuse glomerulonephritis at post-mortem examination, asso- 
ciated with clinical signs of marked renal insufficiency and Avith increased urea 
nitrogen in the blood. zVuother ease in this group disclosed renal insufficiency 
due to massive focal embolic glomerulonephritis. 

Gross infarcts of the kidneys Avere noted in Cases 4, 11, 15, and 17. In the 
last ease, the left adrenal gland aauis also involved by infarct. Among other 
embolic phenomena are noted multiple embolic abscesses of the niA'^oeardium, 
kidneys, spleen, and intestines in Case 1, mycotic aiiemysm at base of aorta, 
multiple mycotic aneurysms of the superior mesenteric and right iliac arteries 
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the eorreet diagnosis Avas not ahva3's directly arrived at, partly because of mis- 
placed cliineal emphasis, and partly because the bedside observations did not at 
once tit into a diagnostic whole. The I’olioAsdng case histoiy is noteworthy be- 
canse of the advanced age of the patient, the minimal underlying arteriosclerotic 
changes in the valves, the comparative well-being of the patient for many Aveeks, 
and the large numbers of baeteiia in the Mood stream at all times Avith minimal 
clinical manifestations. 

Case 3.— This 87-year-old phybieian had enjoyed good healtli except for prostatibin. Five 
weeks before admission, malaise, chilly sensations, and fever weio noted. Later, shaking chills 
occurred on several occasions. On examination he was found to be a thin, well-preserved, 
elderly man with a temperatuio of 102“ P.; modeiate general arteriosclerosis; heait, not en- 
larged, wdth a harsh systolic murmur at the apex; and liver enlarged 2 lingerbreadths below 
the costal margin. The hemoglobin was 85 per cent, and the white blood cell count wiis 
14,000 with SO per cent poljTOorphonuclears. Tho urine contained albumin but no red blood 
cells. An electrocardiogram showed left axis deviation, small Q,, and slurred QRS. Repeated 
blood cultures shouted Str, vitidans in all flasks. Only larely were petechiae found. 

Sulfapyridine had no effect on the bacterieraia, and other methods of therapy, such !is 
hyperthermia, seemed too strenuous to attempt. The mild course of this infection in tho 
early stages was very striking. The patient was frequently able to bo out of bed, particularly 
in tho morning, and outwardly looked remarkably well. He died four and one-half months 
after onset. 

On post-mortem examination (Montefioio Hospital) the followdng findings were e.stab- 
lished: mild arteriosclerosis of mitral and aortic valves, with superimposed bacterial endo- 
carditis; infarctions of spleen and kidneys; focal embolic glomerulonephritis; arteriosclerosis 
of coronary arteries, general arteriosclerosis; chronic cholecystitis and cholelithiasis; benign 
hypertrophy of prostate. 

The confusion caused by presenting .sy'-mptoins pointing to either a suppura- 
tive or neoplastic lung lesion is aaMI illustrated in an elderly man sulfering from 
syphilitic aortitis. Notable in this case Avere the absence of splenic enlargement 
and of embolic phenomena except red blood cells in the urine, the A\'ell-markcd 
euphoria (Spes endocarditica of Horder), and the progressive change in* the 
patient’s facies to a Avell-defined cafe-an-luit coloration. 

Case 6 . — For six weeks this 64-year-old butcher suffered from cough, pioductivo of o«e 
cupful of malodoious sputum daily, and had lost 22 poimds in four months. Theio was no 
history of syphilis or rheumatic fever. On examination ho was pale, his pupils were irregu- 
lar, but reacted to light; and his heart showed a diastolic murmur audible at left border of 
sternum. Blood pressure Avas 150/60. Moderate clubbing of the fingers was noted. The 
hemoglobin was 60 per cent, and the white blood cell count was 16,000 with 70 per cent po v 
morphonuclears. The AVassermann and Kahn re.actions were strongly podtive. Roentgen ex 
aniination of the chest showed an infiltration near the right border of the heart, Lipio* o 
demonstrated a cylindiical dilatation of right lower lobe bronchus. 

On admission, tho general diagnostic opinion favored either a suppurative broncho 
pneumonia or a pulmonary neoplasm. Two bronehoscopic examinations failed to give eon 
firmation to these views, and also failed to account for the daily rise in temperature up to 
102“ P. at night. Only then were all the facts correlated; namely the fever, anemia, micro- 
scopic hematuria, aortic insufficiency, and early clubbing of the fingers. Blood cultiue, w len 
finally taken, revealed a Str. viridans bacteremia. Tho patient was discJiarged to the cure of 
his own physician nine weeks after admission. Ho died, at homo, two weeks later. Kecrops^ 
was not performed. 

THE BACTEUIA-EREE CA&ES (gROUI* U, 1 ) 

To Libman"’ Ave owe the desci'iption of llie “cases of .subacute bacteiial 
endocarclitis that have spout aueoiislj'’ become baeteria-free.’’ He has emphasized 
that the clinical i)icture of this pha.se of the disease is due to damage to the 
kidneys and the blood-forming organs during tlie bacterial stage and to embolism 
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Table IV. Distribution oe Cases According to Age and Sex 


AGE 

(yrs.) 

JIALE 

female ■ 

60 to 6-t 

7 

6 

Go to 69 

1 

- 

70 to 74 

2 

1 

75 to 79 

- 


SO to 84 

— . 


So to 89 

1 

- 

Total 

11 

7 


may be compared with those cited from other sources in our remew of the 
literature. 

The eighteen cases heremth reported have been separated into three groups 
on the basis of the clinical pictures presented and the difficulties each group 
places ill the way of correct diagnosis. In the first group of nine eases the 
clinical diagnosis presented only moderate difficulty and was confirmed in the 
six cases which came to autopsy. In the second group of five eases the correct 
diagnosis was made clinically in only two, and of the third group of four eases 
none was interpreted correctly. Of the total eighteen cases the clinical diagnosis 
was made correctly in eleven, or 61 per cent. In the Bayles and Lewis series 
of twenty-eight individuals over 40 yeai-s of age, one-half received the correct 
diagnosis ante mortem. 


THE TYPICAL; BUT OFTEN MODIFIED, CLINICAL PICTURE (GROUP a) 

Libinan and Friedberg-- list the four following features in combination as 
leading to the diagnosis of subacute bacterial endocarditis: ‘'(a) a valvular 
defect or a congenital lesion, (b) a febrile coiu'se, (c) embolic phenomena, and 
(d) a positive blood culture." These criteria are amply satisfied by the cases 
in Grioup A, but certain features will be pointed out which tend to modify 
the tj^ical clinical picture and to make the diagnosis difficult at times. Pre- 
lequisite to diagnostic accuracy is the knowledge that subacute bacterial endo- 
carditis may occur in the aged, and the clinician must fit his observations into a 
line of thought that suggests the value of taking a blood eultime. In my first 
case, mentioned briefly in the introduction, a whole month passed before the 
value of this procedure occurred to me. In old people cardiac murmurs are com- 
mon, and are customarily dismissed as "arteriosclerotic," although careful study 
is often required to establish tlieir tine cause and significance. Fever in old 
persons is not uncommonly of low-grade intensity, and, if not overlooked en- 
tirely, IS apt to be explained away as due to a "patch of bronchopneumonia” or 
to an infection of the urinary tract. 

Study of the clinical records of the nine cases in Group A shows that all 
lad heart murmurs, although some were mcorrectly interpreted, as in Case 9. 
All but one had red blood cells in the urine, many showed albuminuria, but none 
lad evidence ot renal insufficiency. Petechiae were abundant in two persons 
rare in three persons, and not observed in four. Fever was regularly present in 
these patients even in the man 87 years of age (Case 3). Clubbing of the 
fingm-s V as noted in two eases. The spleen ivas palpable in five cases, the liver 

hLT'’ Pi'esent in only four of these eases. All had positive 

d,cultuies, seven showing Str, viridwns, and one each. Enterococcus and 

aUemp’r 

In retrospect one finds that each of these eases conformed to Libman s four 
diagnostic criteria. Study of t^qiical ease histories will indicate, however, that 
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termination could be dra^vn. Diagnostic discussion leaned to bacteria-fiee subacute bacterial 
endocarditis, based on the cardiac findings, the anemia, tlie splenomegaly, and the symptoms 
of uremia. 

Post-mortem examination disclosed: heabng subacute bacteiial endocarditis with cal- 
cification of -vegetations, involving aortic and mitral valves; chronic rheumatic valvular dis- 
ease tricuspid, mitral, and aortic valves; focal embolic gloraeiulonepliritis and diffuse glomer- 
ulonephritis; marked splenomegaly. 

In Case 12 the clinical picture of endocarditis is obscured by the renal in- 
sufficiency. The necropsy foldings lead one to conclude that the blood eultuic, 
had it been done, ivould have proved sterile. 

Histoiy was elicited with difficulty from this 7d-year-oId man. In past jear ho had 
suffered from a moderate cough, dj-spuea on exertion, and urinary urgency and fiequency; 
just before admission hematuria and melena were observed. On examination he ivas found 
febrile, cyanotic, dyspneic, with heart sounds distant, and an aortic diastolic murmur audible. 
The blood pressure was 126/150. There was congestion at both lung bases; enlarged luer, 
spleen, and prostate; and general peripheral sclerosis. The hemoglobin nas 60 per cent, and 
the white blood cell count was 8,000, with 60 per cent polj morphonuelears. Urine contained 
large amounts of albumin, occasional hyaline and granular casts, and frequent red and nliite 
blood cells. Urea nitrogen was 37 mg. per cent. Electrocardiogram showed regular sinui 
rhythm, frequent ventricular extrasystoles, QES moderately low, and P waves low. Urea 
nitrogen rose gradually to 83 mg., and Uie patient died ten days after admission, in uremia. 
Blood culture was not done, as the true diagnosis was at no time suspected. 

Post-mortem examination showed the following: subacute bacterial endocarditis (bac- 
teria-free) of the aortic valve with perforation of the right anterior cusp; ciiionic rheumatic 
val-vular disease, mitral insufficiency; aortic stenosis and insufficiency; infarct of the spleen; 
focal embolic glomerulonephritis and chronic diffuse glomerulonephritis; general arterio- 
sclerosis; coronary arterioscleiosis with narrow'ing; and fibroadenoma of tlie piostate. 

THE COiMPLETELY OBSCURE CiSES (GROUP B, 2) 

The four eases, which have been included in Group B, 2 as completely 
obscure, clinically, exemplify vividly the varied ways in which the diagnosis may 
be missed. In the baeteria-free cases renal insufficiency proved tlie greatest 
stumbling block. Here, in order, we find congestive heart failure due to 
rheumatic and thjn’oto.xie heart disease, hemiplegia of unsuspected embolic origin 
(Case 16), elu’onic valvular disease in association with acute parotitis (Case 1/), 
and a mistaken diagnosis of gastrointestinal malignancy (Case 18), leading 
the clinician astray. Of the four eases, three are in the active phase and the 
fourth is in the bacteria-free stage, although no blood cultures vere taken in 
any of them. 

Libman and Priedberg state that the fatigability, weakness, sweating 
weight loss, nervous symptoms, and the elevated basal metabolic rate of subacute 
endocarditis may simulate Graves’ disease, hut they also Avavn that a patient 
wth Graves’ disease may develop subacute endocarditis. Hoff’® has reported a 
man, 55 years of age, suffering from subacute bacterial endocarditis wit i 
splenomegaly and anemia. "Within one year of death, his disease had been 
diagnosed as toxic goiter. Thyi'oideetomy was performed a year previously, an 
again, four montlis befoi'e death. He had been given two courses of deep 
roentgen therapy, the last one immediately before admission to the liospita . 

In Case 15 we find a woman, aged 70 year.s, Avho had a sjuirptonrie-ss goitei 
for twenty years. For one year year loss of weight, ea.sy fatigue, polypbagiii, 
elevated basal metabolic rate, dyspnea, ortliopnea, and edema of the legs had 
been rroted. The clirrical picture was that of congestive lieart failure due to 
Graves’ disease. At post-mortem e.xamination subacute bacterial endocarditis 
of the triciuspid, mitral, and aortic valves was a surprising finding, as was the 
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due to the fibrous and calcified vegetations resulting fi*om the healing process. 
For a fatal case to be considered in the bacteria-free stage, the vegetations must 
be shoTOi by spreads and sections to contain no bacteria. The mere absence of 
bacteria from the blood stream, even after repeated attempts at culture, is not 
enough to show that the heart valves are free of infection, since this may also 
occur from tune to time in the active cases. In establishing the clinical diag- 
nosis, Libman emiihasized the following features in association Avith chronic 
valvular disease : renal insufficiency, severe progressive anemia, emboli, striking 
splenomegaly, and brown pigmentation of the face. Keefei"^^ has stressed the 
fact that 20 to 25 per cent of all eases, as proved by post-mortem examination, 
belong in the group without bacteriemia. He distinguished five classes: (a) 
patients with right-sided valvular disease, multiple puhnonary infarcts, and 
jaundice; (b) patients with renal insufficiency ; (e.) patients with heart failure; 
(d) patients with splenomegaly and anemia; and (e) patients with hemiplegia. 
He considers renal insufficiency as the most iinpoiiant clinical difference between 
these eases and those with positive blood cultures. 

Five cases in this series have been classified as belonging in the bacteria- 
free gToup. Two of these (Cases 11 and 14) were diagnosed correctly before 
death. In Case 10 the clinical picture was dominated by long-standing rheu- 
matic valvular disease, cardiac failure, and renal insufficiency. In Case 12 renal 
insufficiency again obscured the real sigmificanee of the symptoms. In Case 13 
cardiac failure combmed with heiiatic cirrhosis seemed an adecpiate explanation 
of the clinical findings. 

Regarding the details of the clinical picture we note that two patients were 
males, three were females, and the age range was from 60 to 74 years. Fever was 
present in one case, and in only one was a change in facial color noted. Clubbing 
of the fingei’s was present in two cases, and petechiae were observed in two eases. 
Heart failure was present in three cases, but arrhythmia occui-red in only one ; 
the liver and spleen were enlarged and palpable in all five cases. Anemia was 
present in three cases; renal insufficiency in four. Blood cultures were taken 
in three cases and showed no gTo^vth, even on repeated attempts. In the other 
two cases blood cultures were not done because there seemed to be no clinical 
indications. 

At necropsy, bacteria were not present in the valve crushings. In two eases 
the vegetations contained deposits of calcium. The occurrence of chronic 
glomerulonephritis has already . been emphasized in the section devoted to 
pathology. The follomng ease histories will clarify the problems posed by the 
bacteria-free group. Case 11 presents the classical features of the bacteria-free 
stage, as described by Libman, especially the death in uremia, associated with 
congestive heart failure and auricular fibrillation : 

For many years this 64-year-ol(l woman had suifered from rheumatic heart disease. She 
was re-admitted because of increasing weakness, epistaxes, nausea, and emesis. When seen 
some weeks before, fixation of specific gravity of urine and moderate nitrogen retention in 
tlie blood had been noted. On admission examination marked asthenia and muscular twitch- 
iugs of tho upper extremities were noted; line«ir hemorrhages were found in the fundus oeuli; 
dullness was present at both lung buses with rules at the right base; tho heart was enlarged 
to the left; the sounds were of fair quality; a long blonnug systolic murmur was heard over 
tho precordium, maximal at base and propagated toward vessels of the neck, with a thrill 
at tho base; the rhythm was totally irregular. The blood pressure was 130/60. The spleen 
was eidarged to the umbilicus, and the liver edge was felt 4 cm. below the costal margin. No 
petechiae were observed. The hemoglobin was 42 per cent; the red blood cell co^t was 
2,o00,000; and the white blood cell count was 3,500, with a normal differential count Un- 
fortunately the patient died within twenty-four hours before blood for urea nitro<xen de- 
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found at on,«et of parotitis, its origin from the heart calves ^\a5 doubted. The electrocardio- 
gram originally showed left bundle branch block with left ventricular hypertropliv and 
marked myocardial damage, but no progre.^aion wa.s seen in subsequent tracings. The patient 
became abruptly worse during lus eighth week in the hospital; his urea nitrogen mounted to 
70 rag. per cent; he vomited repeatedly, became dehydrated, and died. Post-mortem e.\am- 
ination disclosed subacute bacterial endocarditis (healing) of the mitial and aortic \ahe* 
aneurysm of the mitral valve, two dissecting aneurysms of the aortic vahe; splenic, renal, 
and left adrenal infarctions; rheumatic heart disease, mitral and aortic insufficiency and 
.stenosis; bicuspid aortic valve, etiology (?); old occlusion, incomplete, of anterior descending 
branch of the left coronary- artery; aneurysm of the apex of the left ventricle and inferior 
anterior one-third of septum; arteriosclerosis of the aorta, coronary arteries, and pulmonarv 
arteries; chronic cholelithiasis and cholecystitis; tibro-adenoma of the prostate. 


In Case 18, fever, anemia, heart disease, and microscopic hematuria were 
shown clinically, which, viewed in retrospect, should have led to clinical suspicion 
of the true state of affairs. Weight lo.ss and eon.stipation prompted the scai’ch 
for a malignant tumor of the gastrointestinal tract. 


Two years previously, this G2-y’ear-old man first learned that he was suffering from 
hypertension and cardiac hypertrophy-. For the preceding few months increasing weakness 
and w-eight loss were noted, with occasional nocturnal dyspnea. He appeared pale and 
chronically- ill ; the heart was markedly enlarged with an apical systolic murmur and snapping 
first sound. The blood pressure was 178/100. The hemoglobin was 02 per cent; the white 
blood cell count was 15,750, with 57 per cent segmented polynuclears, 82 per cent nonseg- 
mented, 4 per cent lymphocytes, and 7 per cent monocytes. The urine showed a faint trace of 
albumin and a moderate number of red cells. The electrocardiogiam showed .dight slurring 
of the QES complex. 

Because of weight loss, constipation, and rapid sedimeatation rate, a gastrointe.stinal 
malignancy was at first suspected. Sigmoidoscopy- and barium enema showed no abnormality. 
Eenal studies were planned becau.=e of liematuria, but wliolo blood tiansfusion was considered 
a necessary preliminary. The patient died in pulmonary edema thirty minutc.s after tlie trans- 
fusion. 

Post-mortem examination surprisingly disclosed: subacute bacterial endocarditis of the 
mitral and aortic valves and the wall of the left auricle; ciironic rlieumatic valvular di-'-ca'-e, 
mitral and aortic v-alves, w-ith calcification of mitral chordae tendineae; acute splenic tumor; 
hypertrophy of both ventricles; palmonaiy edema and emphy.serna; and arterioscleio'-is of 
the kidneys. Cru.shings of vegetations showed gram positive cocci abundantly. 


The diffieultics in diagnosis due to the latency' of the endocarditi.s have 
been strongly empha.sized by jMu.sser.‘^ lie eites a man, 50 yeai’s of age, w'ho 
died a.s the result of congestive heart failure and hilatei’al braehial emboli. Ibc 
]io.st-mortem finding of subacute bacterial endoearditi.s wa.s cntircl.v un.sii.speeted. 
A recent ease record'*® from the ]Ma.s.saehnsett.s General IIo.spital deals with a 
woman, 54- v'cars of age, who showed, on admission, arterioselero.si.s, dia.stolie 
hypertension (184/110) and hepatomegaly'. She was operated upon to relieve 
uterine prolapse. Vaginal hysterectomy' and perineorrhaphy' under ga.s-cthei 
anesthe.sia were performed. The operation lasted three houi-s. and towaid its 
close a sharp drop in blood pressure was noted. The patient died twenty -loin 
hours later. The clinical diagnosis was a cerebral vascular accident. At po.st- 
rnortem examination an embolus was found in the left middle cerebral aitcvy, 
but it.s soiu'cc was subacute baeteilal endocarditis of the mitral valve sujiei im- 
posed on elironie I’heumatie valvular di.sea.se, mitral stenosis. 


DIFEEKCNTl \L WAONO.SI.S 

The preceding eases indicate the broad range of differential diagnosis rc- 
(luiix'd in cstabli.shing the pre.scnee of suhaimti- bacterial endocarditis in the 
aged. Heart disease due to congenital lesions, rheumatic fever, or sy'jihilis may 
be present in old people, and together with the commonly found triad oi 
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disclosure of chronic rheumatic valvular disease of, the tricuspid, mitral, and 
aortic valves. Focal embolic glomerulonephritis , was ^present. In this patient 
the endocarditis is believed to be secondary to both rheiuna,tic and thyiotoxie 

heart disease. . , , 

Case 16, which follows, served originally, to crystallize the writer's interest 
in this phase of the problem, since the hemiplegia was thought by all to be of 
local vascular origin. No one for a moment considered that it might be embolic. 
The fever was likewise ‘‘explained away,” and the enlarged spleen was not 
identified although easily palpable. ' , . 

For thirteen year.s, this 62-year-ol(i woman had hypertension with, occasional vertigo and 
syncope. On the morning of admission to the Mt. Sinai Hospital, she was found with com- 
plete right hemiplegia, unable to speak. Blood pressure at home was 20S/108. These findings 
were confirmed in the hospital, where the heart rate was regular but rapid; a systolic mur- 
mur at the apex imd base was noted. A mass in the left upper quadrant was felt, and was 
described as large, hard, irregular, and immovable. The hemoglobin was G8 per cent; the 
red blood cell count was 4,380,000; and the white blood cell count was 21,000 with 81 per 
cent polymorphonuclears. The urine contained albumin, a few hyaline and granular casts, 
and a moderate amount of white blood cells. 

The patient ran an irregularly febrile course during her stay in the liospital with tem- 
perature ranging between 99° and 103° F. It was assumed that the fever was due either 
to the cerebral vascular accident or some intra-abdominal inflanunatory disease, as suggested 
by the left upper quadrant mass. She lost ground gradually and died eight days after ad- 
mission. 

Post-mortem examination disclosed subacute bacterial endocarditis of the anterior leaflet 
of the mitral valve; multiple emboli to the spleen and kidney; acute fibrinous pericarditis; 
old occlusion of the right coronary artery; and aneurysm of the left ventricle with acute 
myomalacia and myocardial fibrosis. 


The involvement of the central nervous system in endocarditis has been, 
discussed by Kernohan, Woltman, and Barnes.'‘° These authors stress the 
oecuiTence of embolic lesions leading to hemiplegia, Jacksonian attacks, 
hemianopsia, aphasia, brain abscess, and meningitis. Toone^® has emphasized 
that the basic brain pathology in endocarditis is an embolic meningo-encephalitis, 
and that these brain lesions frecpiently produce the outstanding clinical features 
of the syndrome. 

In Case 17 eveiy effort was made to establish the presence of a bacteriemia, 
Imt when one of six attempts sliowed Str, vinckms it was attributed to an acute 
parotitis. In view of the evidences of healing found in vegetations at autopsy 
this interpretation may have been correct. The long period of hospital observa- 
tion, eight weelvs, is noteworthy. 


Five months previously, this G2-year-old mau suifered myocardial infarction necessitating 
two months' rest in bed. For three months before admission he had noted insomnia, asthenia, 
dyspnea on exertion, pallor, and a 20 pound loss in weight. During this period his physician 
observed development of systolic and diastolic murmurs audible at the base of the heart. At 
admission examination he was foimd to have one conjunctival petechia, cardiac enlargement, 
systolic and diastolic murmurs at both apex and base; blood pressure, 134/65.; liver en- 
larged; spleen, firm edge, just palpable; clubbing of fingers. The hemoglobin 52 per 
cent; red blood cell count was 4,000,000; and the white blood cell count was 5,200; with 60 
per cent polymorphonuclears. 


During tlie jratient’s first three weeks in the hospital, his fever ranged between normal 
and 101 1' . Urine sediment showed red blood cells. Blood urea nitrogen rose from 2a to 
.>7 mg. per cent. After six weeks in the hospital, acute left parotitis developed, responded 
to radiotherapy, and drained through the duct. Culture of pus yielded Staph, alhus. Staph, 
aureu^, Enterococcus, ^d Str. hemolyticus. In all, six blood cultures were made. All were 
negative except the fifth, from which Str, viridans was cultured in one flask. As this was 
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age from 60 to 87 years are analyzed, emphasizing the high incidence of rlieu- 
matie valvidar lesions as the basis for the endocarditis, with the occurrence in 
this role less frequently and in the order named, of arteriosclerotic, syphilitic, 
congenital, and thyrotoxic heai't disease. 

By classifying the eases into two large groups according to the diagnostic 
problems presented, it has been possible to show that approximately one-half 
of the cases exhibit a typical, though often modified, clinical picture, and tliat 
the second group of more difficult cases may be further subdivided. In tlie fir.st 
subdivision are placed the baeteria-free cases, characterized predomimmtly by 
heart failure, splenomegaly, anemia, and renal insufficiency. Into the second 
subdivision are placed the eases which completely elude precise diagnosis, due 
to the masking of the endocarditis by envolvement of the central nervous .sj’stom 
and by a bemldering variety of other clinical findings which tend to distort 
diagnostic emphasis. 

The multiplicity, ehronicity, and duplicity of disease in the aged cannot 
bo stressed too often. Tliese cases of endocarditis show in striking fashion how 
this disease forms the closing incident of a long life during which time many 
maladies have been acquired and either overcome or endured. Tlie writer be- 
lieves that the difficulties of accurate differential diagnosis of disease in the aged, 
as exemplified in these case presentations, offer a stimulating challenge to the 
keen clinician. Diagnostic success holds out the hope of possible therapeutic 
achievement by using the newer methods of combating infections. 

This study of subacute bacterial endocarditis in the aged demonstrates 
anew the inestimable value of clinical and pathologic correlations, along the 
lines laid down by j\Iorgagni nearly two liundrcd years ago. In this modern day, 
it would hardly seem necessaiy to belabor the point, but for real progress in the 
diagnosis of disease in the aged, more old people must be studied by the 
pathologist as well as by the clinician. The general hospitals have a large 
responsibility as regards the acute medical and surgical problems of the aged, 
but vast fields of investigative endeavor lie open for the progi’essive homes for 
the aged where the elinicial maternal is largely made up of the chronic, insidious, 
and slowly progTe.ssive disorders of old ago, and where the residents are under 
observation over long periods of time. 

COXCLUSIOXS 

1. At the present time subacute bacterial endocarditis occurs in the aged 
more frequently than is generally realized. With the increase in the numher of 
old people in the population, an increased incidence of this disease may be c.v- 
peeted in the higher age groups. 

2. Clinical recognition of subacute baeteznal endocarditis depends upon the 
physician’s constant effort to achieve diagno.stic accuracy in the aged by utilizing 
for them the same careful observation and the same methods of precision com- 
monly employed for the young. 

3. The chief obstacle to diagnostic exactitude lies in tlie multiplicity of the 
pathologic processes in old people and in the difficulty of deteruiiuing the rela- 
tionship of these processes to the total climeal irieture. In .spite of close ob- 
servation and study there rvill still remain a group of cases in wlxich the 
subacute bacterial endocarditis will fii-st be disclosed on tiie autop.sy table. 
Additional clinical and pathologic investigations are needed to keep down the 
number of these post-mortem surprises. 
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coronaiy artery sclerosis, coronary artery tlironibosis, and myocardial infarction, 
serve as tlie background for aii endocarditis. Neurological complications, as well 
as renal insufficiency and signs such as weight loss and anemia, pointing to the 
presence of malignant tumors, may mask the disease. While the finding of a 
positive blood culture would seem to clarify diagnostic problems, there are occa- 
sions when the opposite oecuis. HerrmanW® has reported a series of such cases 
in younger individuals. 

In the follouung case the presence of a heart murmur, petechiae, and a 
positive blood culture led to an incorrect clinical diagnosis of endocarditis. 

A man, aged 55 years, who had suffered from diabetes for over twenty years, developed 
a gangrenous cellulitis of the right foot following an injury. Amputation was finally per- 
formed, although just before operation the patient suffered an attack of myocardial infai'c- 
tion, proved by electrocardiogram. Following operation he did well ; the stump healed without 
sign of infection; he- became afebrile and was allowed out of bed after one week. He was 
discharged and about to leave the hospital when, on the twenty-second day after amputation, 
his temperature rose suddenly to 104° F. The following day the temperature was 103.2“ P. 
The twenty-third day it became normal and remained so for three days. On the twenty-ninth 
day postoperatively he had a chill which recurred on the thirtieth, thirty-third, and thirty-fifth 
postoperative days. Blood culture contained Sir. viridans. Examination of the stump proved 
normal, but the femoral vein was ligated as a precaution. Sulfonamide therapy did not af- 
fect the blood stream infection. Petechiae and a heart murmur were now detected- The pa- 
tient dic’d ten weeks after admission as the result, it was thought, of subacute bacterial endo- 
carditis. At post-mortem examination, the findings were: thrombosis of the left renal artery 
with suppurating infarct of the right kidney; severe coronary sclerosis with narrowing and re-’ 
cent tlu'ombosis of tlie left circumflex branch; myomalacia of the posterior wall of tlie left 
ventricle with abscess in the papillary muscle. 

TRE.-\.TMENT 

Excellent reviews of the results of treatment of subacute bacterial endo- 
carditis prior to the introduction of the penicillin-heparin method have been 
contributed by Smith, Sauls, and Stone,“° Lichtman,^^ and Eggleston.^® In 
Januaiy, 1944, the startling report of the work of Loewe, Rosenblatt, Greene, 
and Russell' appeared, giving the details of the administration of heparin and 
penicillin and the case histories of seven consecutive patients wlio were success- 
fully treated. Included among their more recent and unpublished successful 
cases are at least two individuals over 60 years of age.^^ It seems likely, there- 
fore, that the improved therapeutic prospect will include older patients as well 
as the younger ones. The complete lack of toxicity of penicillin makes it an 
ideal drug for use in aged individuals. 

Of nine cases reported here, and included in the active group with bae- 
teriemia, six were treated intensively by the older methods. Case 3 was given 
sulfapyridine wltliout benefit. Case 4, in which the causative organism was 
H. ■parainfluenzac, was under observation -with intermittent administration of 
sulfadiazine for over one year. He seemed at times to be definitely benefited 
by the sulfonamide therapy, and it probably prolonged his life. In Case 5 
sulfapyridine, sulfathiazole, and hypertliermia were without effect. In Case 7 
sulfapyridine and sulfathiazole produced a brief temporary stertlization of the 
blood stream. In Case 8, the patient received sulfadiazine and seven hjrper- 
thermia treatments without any improvement. In Case 9 the patient was given 
sulfadiazine intravenously \vithout effect on the clinical course. 

SUIOUVRY 

The literature relating to the incidence of bacterial endocarditis among the 
aged has been reviewed. Eighteen eases of this disease in persons ranging in 
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heart diteui-e other than sickle-coil anemia. Patients who were rceei\ing digitalis, quiuidiue, 
morphine, insulin, xanthine derivatives, diuretics, or salicylates were not included. 

All patients had a thoiough cardiac survey, including electrocardiographic, lluoroscopic, 
and teleroentgenographic examination, as w'ell as a complete hematologic investigation. The 
diagnostic parameters, Ai nnd A:) '^ere ascertained routinely in most of tlie casesd 

The electrocardiograms were recorded b^' means of the Hindlc galvanometer.* The 
standard and precordial leads were analyzed In the usual way for the amplitude and duration 
of the respective complexes. All electrocardiograms weie taken with the patient in the supine 
position, and all records were properly standardized. 

Of eighty-live patients with siekle-cell anemia, twentj'-live were suitable for studv. The 
cardiac state of these patients was studied from the clinical and electrocardiographic points 
of view. The average age was 13 years. The youngest was 1, and the oldest, 27 years. Forty 
per cent of the patients were females. In addition, the pathologic changes were studied in 
nine other post-mortem subjects. 

The normal values for the electrocardiograms used for comparison in these studies are 
taken from the work of Ashman and his collaborators.s, a All normal values given arc for 
adults unless stated otherwise. 


RESULTS 

I. Olmical . — The clinical cardiac data are shown in Tables I, II, and III. 
The blood pressures averaged 112/71, and varied between 91/50 and 130/80. 


Table I. CLLN'IC-Ui AXD ELECTKOCARDIOGIiACHtC Obseuvatioxs ox Twexty-Five PaTIE-STS 
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AbhrevJation.-j : KV = right ventricle. 

KV = left ventricit. 

CT carfiiothorjcic. 

♦Q-T Interval greater than normal by 0,05 second. 

■tP-K rntt-r.al greater than n/Jinul by 0 01 ‘a.tond. 
tP-Ii intcrv'al grrater than normal by 0,02 secon<l. 

SDeviation of QKS axis -flv'S degree.”?. Clinically, pulmonar;' Infarction. 
jP-K greater tlian normal by 0,02 second. Ti low. 
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THE ELECTRO OABDIOGRiUI AND CARDIAC STATE IN ACTIVE 

SICKLE-CELL ANEMIA 

Travis 'SVinsor, M.D.,^' and G. E. Burch, M.D.^‘ 

New Orleans, La. 

T hirty years liave passed since Herrick described the first cases of drep- 
anocytie anemia.^ During this time much has lieen written about this in- 
teresting disease. Approximately 145 articles, containing 388 reports of active 
cases with anemia, have appeared.- Onlj’^ four of these articles, however, deal 
with the cardiac aspect of this condition.^'® There has been no detailed analysis 
of the electrocardiographic changes in this disease, although many of the ease 
reports have included isolated electrocardiograms. Since an adequate number ' 
of patients with active sickle-cell anemia who have been repeatedly exa m i n ed 
carefully cardiologieally during a period of three years were available for 
further investigation, it was considered advisable to study the cardiac state and 
the electrocardiogram in this disease. 

At first glance it would appear that this type of cardiac disease affects 
only a few members of the Negro race. This is not true in the Soutli. During 
a single year, 1941 to 1942, at Charity Hospital in New Orleans, fortj'' patients 
with this disease were admitted to the wards. The great majority of these 
patients had heart disease. It is to be noted that, among the Negro patients at 
Charity Hospital, heart disease in siclde-eell anemia is encountered more fre- 
quently than heart disease due to beriberi, myxedema, periarteritis nodosa, 
trauma, or pernicious anemia. The apparent infrequency with which heart 
disease in siclde-eeU anemia is encountered seems to be due to the fact that this 
condition is often unrecognized. It is frequently confused with rheumatic 
heart disease, congenital heart disease,' or bacterial endocarditis. 

The problem of heart disease in sickle-eeU anemia is not confined entirely’' 
to persons with Negroid characteristics, for it has been observed in patients 
who are ‘'socially” wliite, and in such cases the diag-nosis is rendered more diffi- 
cult. Whether or not sickle-cell anemia occurs among persons who are free from 
Negro blood is difficult to ascertain. Nevertheless, neither color nor racial 
features rule out the possibility of siclde-eell anemia heart disease. 

Heart disease in sickle-cell anemia is one of the few types of heart disease 
which is hereditary. Once the diagnosis of siclde-cell anemia is established in a 
family, heart disease sliould be considered in all other members of the group. 

It is because of the paucity of information dealing with heart disease in 
sickle-eeU anemia, the frequency of this condition in localities where there is a 
substantial Negro population, and the frequency %vith Avhich this ty])e of heaih 
disease is overlooked that the cardiac state and the eleetrocardiograpliic picture 
are discussed. 

METHODS .VND MATERLVLS 


This study includes only patients with active siclde-cell anemia. Patients with any of 
the following complications were excluded: acquired or congenital sypliilis, a blood pressure 
or more than 140 mm. Hg, systolic, or 90, diastolic, an erythrocyte count greater tlian 
o,500,000, a history of diphtheria or any other severe infection, or any discernible cause for 
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Tabi.e IV. Kecropsy OssErA'ATioxs IN Nine C.\ses of Sickle-Cell Ani.mia 
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c 

17 


2 10 


a 


no 

o.i 


4 25 


o 


22 


0 23 


7 30 


S 35 


9 18 


NECROPSY PINniNGS 


E5 


F 


F 


M 


F 


M 

AI 

AI 


AT 


F 


HEART 

Weight, 140 grams. 
Alarkecl left ven- 
tricular dilatation. 
Marked inter.stitial 
edema. Sickling of 
eiytlirocytes 

Weiglit, 225 giains. 
Alarked dilatation 
of right auricle 
and ventricle. Flat- 
tening of trabecu- 
lar cainae. Zen- 
ker ’.s degeneration. 
Polymorphonuclear 
inteistitial infiltra- 
tion 

Weight, 430 grams. 
Alarked dilatation 
of right and left 
\ entricles. Flabby 
myoeaidiiim. Oblit- 
eiative endaiteritis 
of coronal y and 
pericaidial ^esbelb. 
Vacuolization of 
sarcoiilasni 
Weight, 350 giams. 
Dilated riglit and 
left ventiicles. 
Grossly beefy red. 
Inteistitial edema 
Weight, 350 grams. 
Dilated right and 
left ventricles. In- 
terstitial edema 
Weight, 370 grams. 
Kiglit and left ven- 
tricular dilatation. 
Heart beefy red 
iVeigJit, 390 grams. 
Kiglit and left veil- 
triculai dilatation. 
Inteistitial edema. 
Vacuolated .sarco- 
pla^m 

Weiglit, 360 grams. 
Dilated right au- 
iicle and ventricle. 
Myocardial degen- 
eiation 

Fight ventricular di- 
latation. Alyocardi 
al degeneration 


LUNGS 

Grossly edematous. 
Polymorphonuclear 
infiltiation about 
bronchi 


Alodeiate obliterative 
endarteritis 


Pulmonaiy edema. 
Obliteiative endar- 
teritis of occasion- 
al pulmonary aiter- 
iole 


Obliterative endar- 
teritis of occasion- 
al pulmonary arter- 
iole 

Pulmonary edema, 
slight pulmonaiy 
arteriolar thiombo- 
sis 

Pulmonary edema 


500 c.c. of pleural ef- 
fusion bilaterally. 
Alarked pulmonary 
edema 


Thrombosis of pul- 
monary arterioles 
in some areas 


Pulmonaiy edema. 
Aloder.ite thrombo- 
sis of pulmonary 
arterioles 


Ln ER 

Weight, 3,080 grams. 
Gio.ssly brown ho- 
mogeneous appeal - 
ance. Alicroiicop- 
ically small yellow 
crystalline deposits 
nithin hepatic cell 
Weight, 795 grams. 
Aloderate ehionic 
passive congestion 


Weight, 1,350 grams. 
Extieme collapse 
necrosis. Sicklmg 
present 


Extieme chioiiic pas- 
sive congestion 


Weight, 1,450 giams. 
Firm fatty change 


Weight, 3,200 grams. 
Slate brown 


Weight, 1,680 giam'-. 
E.x'treme chronic 
passive congestion 


ATutmeg appearance 


Hepatomegaly with 
infarction 


remarks 


Died SIX days po-tup- 
erativeh 


Died four days jiost- 
operatively follow- 
ing lemoval of thy- 
loglossil duet cyst 


Died 111 coma follow- 
ing fainting at- 
tacks. Congcitivo 
heait failure 


Died two days post- 
operatively 


Died following lap- 
arotomy for sup- 
iiosed niptiired peji- 
tic ulcer 

Died live lioiirs after 
blood tnuistu‘'ioii 


CoagO'tive heart lail- 
uie 


( 'ongc'tiv e lieart fad 
ure 


Died twelve hour.s 
pa‘-toperatively 


liearts, and an equal number showed degenerative changes in the inyoeardiuni, 
IMyoeax’dial degeneration was evidenced by vacuolization of the sareopla.sm, 
disappearance of the inu-scle striation, and Zenker’s degeneration of the myo- 
lihrils. Five patients of the autopsy series (55 per cent) iiad definite dilatation 
of both the right and left ventricles. Three (S5 per cent) had dilatation of 
the right ventricle and one (11 per cent) had dilatation of the left ventricle 
alone. 

The muscle fibers Averc sejiarated by edema fluid, with or without an in- 
erea.se in the amount of interstitial ti.s.sue, in three (88 per cent) of the case.s. 
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Tlie average erythrocyte count was 2,400,000, and the extremes were 1,000,000 
and 3,500,000 cells per cubic millimeter. The diagnostic parameters averaged 
49 mm. per hour, and varied between 32 and 72 millimeters. 

Cardiac murmurs were present in 95 per cent of the group (Table II). 
Dyspnea on exertion and a eardiothoracie ratio of 50 per cent or greater were 
present in 85 per cent of the cases. Hepatomegaly was present in 52 per cent, 
edema of the legs in 24 per cent, and precordial pain in 15 per cent. There was 
some degree of cardiac enlargement in 95 per cent of the cases as ascertained 
huoroscopieally. The left ventricle was enlarged in 91 per cent of the cases, 
the right ventricle in 86 per cent, and the pulmonary conus in 73 per cent. 


Table IL Carma.c Sigxs axb Syxiptoms ix Twenty-Five Ca.ses op Sickle-Cell Anemia 


SIGN OR SYXIPTOM 


FREQUENCY 
(PER CENT) 


Temperature of 100° or over 95 

Cardiac enlargement 

Left ventricular 91 

Right ventricular 86 

Pulmonary conus 7o 

Cardiac murmurs 95 

Dyspnea on exertion 85 

Cardiothoracic ratio 50 per cent or greater 85 

Hepatomegaly 52 

Leg edema 24 

Preeordial pain 15 


Table III. Types op Cardiac Hurmurs in Twenty-Five Cases op 

Sickle-Cell Anejiia 

xruRxa'R 

FREQUENCY 
(PER CENT) 

Mitral systolic 

48 

Pulmonary systolic 

19 

Aortic systolic 

14 

Aortic systolic and diastolic 

5 

Pulmonary systolic and diastolic 

5 

Mitral systolic and diastolic 

5 

Thrill (mitral) 

5 


The types of cardiac murmurs are summarized in Table III. In general, 
the murmurs were loud, and were a prominent physical sign. Mitral systolic 
murmurs occurred in 48 per cent of the cases. These murmurs wei'e frequently 
transmitted over the entire precordium and posterior aspect of the thorax. In 
5 per cent the mitral systolic murmur was associated with a presystolic 
rumble. Pulmonary systolic murmurs occurred in 19 per cent of the eases. In 
5 per cent there was a systolic and a diastolic ])ulmonary murmur. Accentu- 
ation of the pnlmonaiw second sound was frequently present. An aortic systolic 
murniur occurred in 14 per cent of the cases, and, in 5 per cent, there were an 
aortic systolic muimur and an early, soft, blowing, aortic diastolic murmur. A 
mitral thrill was present in 5 per cent of the cases. 

The anatomic axis of the ventricles (obtained from teleroentgenograms), as 
measured through the main muscle mass of the ventricles, averaged 27.3 degrees 

and varied between 45 and IS degrees (Table I). 

II. Pathologic Data . — Nine autopsied patients (Table IV) were studied 
from the standpoint of cardiovascular changes. Txvo of the patients died after 
surgical procedures, three died after childbirth, three died of congestive heart 
failure, and one died after a blood transfusion. The average age at death was 
24 yeai-s, and the extremes were 10 and 35, 

The mean, maximum, and minimum cardiac weights were 361, 440, and 225 
grams, respectively. Seven (78 per cent) of the patients had dilated, thin, flabby 
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amplitudeb are 0.55, 1.25, and 0.80 mnu, respectively. The upper limits of normal amplitmloa 
aro considered to be 1.1, 2.5, and 2 mm., respectively, for Leads 1, II, and III.) In five (20 
per cent) of the cases of active sickle-cell anemia the height of die P wave in Lead I was 
greater than 1 millimeter. 

There was sliglit notching of the apex of the P wave in five (20 per cent) of the oases. 
In no instance did the notch return as far as halfway to the isoelectric line. (Slight notching 
occurs in about 32 per cent of normal subjects.) 

The P wave was diphasic or inverted in Lead CP, in five (15 per cent) of the eases in 
which CP, leads were taken. The P wave was negative in Lead lYP in two (,20 per cent) 
of the cases. The average amplitude of P in this lead was 0.3 millimeter. The perceiitage.s 
of patients with diphasic or inverted T waves in Leads CP-, CP,, CP„ and CP„ weio 33, 25. 
22, and 22 per cent, respectively. Thus the P wave exceeded the upper limit of normal for 
duration in 4 per cent of the cases, and it e.xeeeded the upper limit of irormal for amplitude 
in 20 per cent. 

JP-Ji Interval . — The P-R interval in the twentj'-five eases aveiaged 0.J5 second, and varied 
between 0.19 and 0.12 second. (The normal, mean P-R irrteiv.al is 0.15 second.) The aver- 
age cardiac rate was 90 beats per minute, and the extremes were (50 and 125. 

Six patients (jratients 4, 10, 12, 14, 19, and 23, Table I) were 21 ycar.i of age or inoie. 
The average P-R interval of these patieirts was 0.15 second, and the extremes were 0.14 and 
0.17, The cardiac rates varied between 57 and 84 beats per minute. In no instance did the 
P-R interval reach the upper limit of normal. Tw'o of the patients were under 2 year.s of 
age and had normal P-R intervals. 

The remaining seventeen patients were children ranging in age from (5 to 1(5 years. 
Their cardiac rates varied betw’een GO and 125 beats per minute. The average P-R interval 
for this group was 0.15 second, and the extrerrres were 0.13 and 0.19 second. The interval irr 
tirree of these cases (Patients G, 7, and 22, Table I) exceeded the upper limit of itornml by 
0.01, 0.02, and 0.02, respectively. Patient 5 reached, but did not e.xcced, the upper limit 
of normal of 0.17 second. 

In the chest leads the interval was not significantly' dilTererrt from tire standard leads. 
The average interval for all of the preeordiul leads was 0.15 second. The range extended 
from 0.12 to 0.19 second. Thus, of the entire twenty-five patients, three (12 per cent) had 
P-R intervals which exceeded the upper limit of normal. 

QMS Complex. — In only one irrstanco did the duration of tire QRS interval reach, but 
did not exceed, the upper linrit of normal (Patrent 31. The duration of the QRS irrterval 
of the two infants was O.OG and 0.05 second, respectively. In the adults, the average duratioir 
was 0.07 second, and varied betw'een 0.06 arrd O.OS second. In (lie remainder, the clirld- 
adolescerrt group, the average duratioir was 0.00 second, and it varied between 0.05 aud O.OS 
.‘-econd. (The upper limit of normal is 0.10 second.) 

In the chest leads the duration of the QRS coraple.x was sliglitly longer tliari in the 
standard leads. The average duration for the six clic'-t leads was 0.08 .second. Ihe e,xtreiues 
were 0.05 and O.IO second. Thus, in no instance was the QRS interval abnormally long. 

Q JFave.—The amplitude of the Q wave in Lead I averaged 0.(i2 mm,, and varied be- 
tween 0 and 3. In Lead III the amplitude aveiaged 1.08 mm., and varied between 0 and u. 
The iiiaximum amplitudes in Leads 1 and III did not occur in eases of extreme right or c t 
axis deviation. In Patients 2 and 12, Q, was more than one quarter the amplitude ot the 
highest R wave of the standard leads. The duration of Q did not reach 0.02 second m any 
instance. In one instunee the Q wave was present in ail leads. 

The Q wave was absent in all CP, leads. TJieio was a progressive increase rn the 
amplitude of the Q wave as the exploring electrode passed from the right to the e C .-i e 
of tho precordium. The average Q wave in Lead IVP was 2.9 millimeters. ^ Ihe deepe.-'t i 
wave in this lead measured IG millimeter.®. In no ease was the Q wave indicative o tear 
disease. 

M The highest R wave in tiro three standard leads measured 22 mm., and tho 

lowest, 1 millimeter. Tho normal range is 1 to 23 millimeters. Notching of the R 
present in 50 per cent of tho ca«ei in Lcad*III. In no in.stancc did the duration of t n ^ 
vvavo exceed 0.0 1 second. 

Tho amplitude of the E wave averaged i.G mm. in CT'V The amplitude of the R vv.ivc 
increased as the e.xploring electrode was luov'cd from tlie right to the left side of 9'*^ clust. 
In Lead IVF the average amplitude was 21.1 minimeter.s. The amplitude of the R waves in 
the chest leads did not exceed the upper limit of normal in any ca.-e. Thus the ampHtudci 
and duration of the R wave were not in any inatance abnormal. 
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in one . instance (Patient 3, Table IV) there was obliterative endarteritis of one 
of the small branches of the coronaiy artery. In the same ease, a pericardial 
vessel showed occlusion from thrombosis and endarteritis. 

The pulmonary arterial vessels showed endarteritis in varying degrees in 
six (66 per cent) of the cases. The degree of pulmonary endarteritis and 
thrombosis was for the most part slight, but Avas occasionally moderate in de- 
gree. In no instance Avas it marked. Sickling of the erythrocytes Avas fre- 
cpiently demonstrated AAuthin the pulmonary vessels. Six (66 per cent) of the 
necropsy series shoAved marked pulmonary edema, both grossly and micro- 
scopically. Only one patient (11 per cent) had pleural effusion. This patient 
(Patient 7, Table IV) had 500 e.e. of straAV-colored fluid in each pleural cavity. 

The mean, maximum, and minimum Aveights of the livers Avere 1,926, 
3,200, and 795 grams, respectively. The livers shoAved clu'onic passive conges- 
tion in six (66 per cent) of the eases. In tAvo eases (Patients 3 and 7, Table IV) 
hepatic cell necrosis Avas so severe that only about 25 per cent of the hepatic cells 
Avere definitely distinguishable. 

Ill, The Electrocardiogram. — The results of the routine analysis of the 
electrocardiogi-aras of tAA^enty-five patients are shoAvn in Table V. Preeordial 
leads Avere recorded in the majority, but not in all, of the tAA^enty-five cases. 


Table V. Ei.ectrocardiographic Data ix Tavexty-Pive Cases or Sickle-Cell Axemia 

(Efioli compartment contains mean, maximum, and minimum values for eaeli component of the 

electrocardiogram.) 



!■ 

P-R 


QRS 


.S-T 

T 

Q-T 

i.ead 

DURA- 

.AMPLX- 

INTER- 

DURA- 

AMPLI- 

TUDE 

AMPLI- 

TUDE 

AJIPLI- 

TUDE 

SEG- 

AMPLI- 

INTER- 


TtOX 

(SEC.) 

TCDE 

(JIM.) 

VAL 

(SE('.) 

TlOX 

(SEC.) 

Q 

(MM.) 

(M.Af.) 

(MM.) 

JIE.XT 

(SEC.) 

TUDE 

(MM.) 

VAL 

(SEC.) 

I 

0,084 

0.950 

0.153 

0.065 

0.624 

10.680 

1.220 

0.094 

1.684 

0.339 


0.120 

l.SOO 

0.190 

O.OSO 

3.000 

15.000 

9.000 

0.160 

4.000 

0.420 


0.040 

0.120 

0.120 

0.050 

0.000 

4.000 

0.000 

0.030 

0.200 

0.280 

II 

0.096 

1.204 

0,152 

0.065 

0.120 

14.320 

0.960 

0.092 

2.576 

0.316 


0.120 

2.-200 

0.190 

0.100 

2.000 

22.000 

5.000 

0.160 

6.200 

0.420 


0.000 

0.000 

0.130 

0.040 

0.000 

4.000 

0.000 

0.000 

0.500 

0.280 

III 

0.056 

0.264 

0.153 

0.066 

1.080 

6.780 

1.256 

0.108 

1.036 

0.323 


0.110 

1.700 

0.190 

0.080 

5.000 

15.000 

10.000 

O.ISO 

3.000 

0.420 


0.000 

-0.600 

0.120 

0.050 

0.000 

1.000 

0.000 

0.000 

-0.400 

0.2S0 

CP, 

0.065 

0.500 

0.156 

0.081 

0.000 

4.610 

1 6.450 

0.059 

-3.410 

0.350 


0.100 

1.500 

0.190 

0.100 

0.000 

10.000 

30.000 

0.120 

-6.000 

0.400 


0.040 

-2,00 

0.120 

0.070 

0.000 

2.000 

7.500 

0.040 

-1.100 

0.320 

CP, 

0.073 

0.440 

0.154 

O.OSl 

0.111 

9.331 

24.390 

0.084 

-3.633 

0.349 


0.110 

1.000 

0.190 

0,100 

1.000 

14.000 

33.000 

0.120 

1.000 

0.400 


0.040 

-0.300 

0,120 

0.070 

0.000 

4.000 

18.500 

0.020 

-S.OOO 

0.320 

CP. 

0.054 

0.225 

0.144 

0.081 

0.125 

15.000 

11.500 

0.072 

-1.501 

0.352 


0.060 

0.500 

0.190 

0.100 

1.000 

18.000 

26.000 

0,120 

5.000 

0.400 


0.000 

-0.200 

0.130 

0.070 

0.000 

5.000 

2.000 

0.000 

-2.500 

0.320 

CP, 

0.050 

0.200 

0.154 

0.011 

1.380 

15,125 

6.777 

0.066 

1.222 

0.349 


0.100 

0.500 

0.190 

0.100 

3.000 

22.000 

15.000 

0.120 

8.000 

0.400 

CP, 

0.040 

-0.200 

0.120 

0.060 

0.000 

3.000 

1.000 

0.000 

-3.000 

0.320 

U.04o 

0.240 

0.154 

O.OSl 

2.350 

19.200 

2.200 

-0.044 

2.330 

0.350 


0.100 

1.000 

0.190 

0.100 

5.000 

34.000 

10.000 

0.160 

6.000 

0.400 


0.000 

-0.200 

0.120 

0,070 

1.000 

6.000 

0.000 

0.000 

0.000 

0.320 

IVP 

0.037 

0.300 

0.156 

0.070 

2.910 

24.430 

9.700 

0.05.6 

1.555 

0.322 


o.oso 

1.000 

0.190 

0.100 

16.000 

30.000 

24.000 

0.140 

14.000 

0.400 


0.000 

-0.200 

0.130 

0.050 

0.000 

7.000 

0.000 

0.000 

-10.000 

0.280 


P Wave. The mean value for the duration ox the P wave was 0.09G second in Lead li- 
the maximum was 0.12 second. (The normal average for adults is 0.08 second, and varies 
beUeen O.OO and (111 second. The upper limit of normal is considered to be 0.10 second.) 
Onlj one patient (Patient 0, Table I) exceeded the upper limit of normal. 

for I eadV?'irl,!rTjr’'^‘' n amplitudes 

,, , . d III ^\ero 0.9u, 1.20, and 0.2li mm., re.spectively. (The average normal 
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T Wave . — The T waves were upright in all Lostanees ia Lctuls 1 and II, and in 78 per 
cent of the cases ia Lead III. The average amplitude in Lead I was 1.7 rum., and the max- 
imum was 4 millimeters. (The average amplitude in Lead.s I and II in normal subjects 
is 2 and 3 mm., respectively.) In Lead I the lowest T waves were encountered in Patients 
12 and 22, %vho had amplitudes of 0.5 and 0.2 mni., respectively. The average amplitude for 
tlie twenty-five patients in Lead H was 2.0, and the maximum amplitude was 6.2, millimeters. 
(The normal mean is 3 millimeters.) Patients 22 and 23 had T waves in Lead II which were 
0.5 and 0.8 mm., respectively. In the rernmning cases the T waves in Lead II wore over 1 
mm. in amplitude. The average amplitude in Lead III was 1, and tlie maximum, 3, millimetcr.s. 
(The mean for normals is 1.2 millimeters.) One patient, Patient 25, had a negative T wave 
in Lead IH of -0.4 millimeter. Two patients, 1 and 20, had diphasic T waves in this lead. 
None of the T waves were sharply inverted in the standard lead.s. 

In Patients 12, 2l' and 22, T, was slightly higher than T,. The electrical axes oO the 
QKS in these case.s were 61, 0, and 53 degrees, respectively. Patient 21 had a T, which 
measured 1 mm., and Tj measured 2.1. All patients except this one had a QRS axis greater 
than 30 degrees. In Case 22 the highest T wave of tlie three letids was 0.5 millimeter. All 
other patients had T waves of 1.3 mm. or more. Asliman found that only seven of one 
hundred normal subjects had T waves with the greatest amplitude in all three leads of 1.5 
mm. or less. Notched T waves were noted in Case 25. Hounding of the T waves was present 
in Case 21. 

In the chest lead.s, the average amplitude of the T waves in Leads CP„ CP., and CPj 
was -3.4, -3.6, and -1.5 mm., respectively. In Leads CP,, CP^, and IVP the averages were 
1.2, 2.3, and 1.6 mm., respectively. In Leads CF, and IVh' tlie T wave.s were inverted or 
diphasic in four eases (40 per cent), whereas, in CPj, tlie T wave was dipliasic in two in- 
stances (20 per cent). In only one instance was the amplitude of T greater than the normal 
value of 13 mm. for men, or 9 mm. for women. Thus, the T waves were abnormally low- 
in one case in tlie standard leads, and tlie T wave wa.s slightly increased in amplitude in Lead 
IVP. In Leads CP, and IVP the T waves were inverted or diphasic in four, or 40 per cent, 
of the subjects. 

Q-T Interval . — Vlien sinus arrhythmia was marked, the averages of more than one in- 
terval were recorded. The Q-T interval exceeded the normal in one instance by 0.05 second. 


ELECTROCARDIOGRAPHIC CH,\NGES IN FOUR CASES WITH 
SERI.U, ELECTROCARDIOGRAMS 


The electrocardiogram was recorded serially in four cases over periods of 
observation, varying from three to four years. Only one showed any significant 
changes, which are as follows : 

In Case 16, serial eleetroeai’diograms (Fig. 1) showed cardiac rates that 
varied between 88 and 125 beats per minute. The P waves and the P-R and 
Q-T intei'vals were within normal limits. There was dehnite right axis devia- 
tion (areas). The T waves in Leads IVF were upright in the tuxt two electro- 
cardiograms. The electrocardiograms taken Dec. 3, 1941, and May 3, 1943, liad 
shaiTily inverted T waves in Leatl WF. There was no significant shift of the 
S-T segment, 

DI.SCUS.SION 


It is apparent that'. sickle-cell anemia heart disease is essentially a disease 
of yomig people. The average age was 13 years for the living group, and 24 
years for the autopsy group. The %'outhful age at which siekle-eell anemia 
cardiac disease oecui's accounts for the frequent confusion with rheumatic 
heart disease and congenital heart disease. 

Cardiac enlargement was almost universal in these eases, as ascertained 
fiuoroseopieally, roentgenographieally, and at neerojisy. 

The type of cardiac enlargement may frequently aid in differentiating 
sickle-cell anemia heart disease from rheumatic mitral stenosis or other types 
of heart disease. In no instance in the cases of heart disease due to siekle-cell 
anemia was there enlargement of the left auricle. The elect rocardiogram .showed 
i'i"ht axis deviation in only one insiance. These facts aid in cliiniiiating mitral 
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Fiff 1.— Serial electrocardiograms of Patient 16. There is right axis deviation (deter- 
mined bv measuring- areas) of the QRS. This is the only instance of abnormiR right axis 
deviation in this series. This figure shows a marked change m the T wave m IVP during the 
four years of follow-up. 

S-T Segment . — The amplitude averaged 0.092 second in Lead II, and varied between 
0 and 0.1(3 second. The average duration for males was 0.088 second, and tlie average cardiac 
rate was S7.1 beats per minute. The length of the segment for females averaged 0.09G sec- 
ond, and tJie average cardiac rate was 85.1 beats per minute. Those with the fastest rates 
had the shortest S-T segments. 

The S-T segment in the chest leads did not vary significantly from the values indicated 
for the standard leads. In no instance was the segment gveater than the upper limits of nor- 
mal for the cardiac rate and sex. In no instance did the segment deviate 1 mm. or more 
from the isoelectric line in any lead. ^ 
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2. Disturbances of cardiac function. 

3. Disappearance of signs and sjnnptoms after relief of the anemia. 

In many anemias these criteria are met. In sickle-cell anemia one deals 
uitli an anemia Avhich is, using present-day methods, somewhat refractory to 
treatment. Criterion 3 cannot be satisfactorily met e.xcept for short periods 
of time. In this disease severe grades of anemia remain, and i-esiilt in severe 
strain upon the heart for years. One cannot expect these changes to be re- 
veraible unless the anemia is reversible. It is obvious that, in sielde-eell anemia, 
the same factors are at work as in other anemias, and, in addition, the changes 
are accentuated by the refractory nature of the anemia, coupled witli the fact 
that it is compatible with many years of life. The cause and effect relationship 
of the anemia and cardiac abnormalities cannot be denied. 


In addition to what is noted above, certain cardiac changes occur which 
differ somewhat from the usual cardiac expressions of ordinary clinical forms 
of anemia. These include the rather constant enlargement of the right ventricle 
and pulmonary conus. Yater and Hausman* and Klinefelter® have stated that 
this may be associated with pulmonary vascular lesions. It has, however, been 
demonstrated that similar changes occur in severe and prolonged anemias of 
other types.^° Goldstein and Boas,^^ in 1927, reported that twenty-three of 
thirty-nine patients with pernicious anemia had eai'diac enlargement. In twelve 
who came to autopsy there was dilatation of all chambers, and, in four, definite 
enlargement of the pulmonary conus. Their incidence of patients with car-diac 
enlargement was 57 per cent of the series, and is slightly less than that encoun- 
tered in our series. They offered no explanation for the relative frequency of 
right ventricular dilatation in their cases. Such observations indicate that heart 
disease and right ventricular enlargement appear in other types of anemia, and 
are rrot yet explained entirely as a result of pulmonary changes. In fact, the 
pirlmonary changes erreoimtered irr this .series did not seem to be of sufficient 
degree consistently to pi'oduce the picture of cor pulmonale. In this series the 
left and right ventricles were enlarged, and evidence of left ventricular failure 
was as frequent as was evidence of right ventricular failure. The normal axis 
deviation of the QRS complexes, except in isolated cases, as Avell as the normal 
anatomic axis, perhaps indicates that the anemia per sc is the important and 
usual cause of the clinical and pathologic evidence of cardiac disease in this 
disease, and not pulmonary or coronary arteritis. In unu.sual instances pul- 
monary arteritis may produce pulmonary heart disease, as was probably the 


case in Patient 16, Table I. 

In many of the patients of this .series no cardiac diagnosis was made until 
very late in the coui’se of study. IlammaiP emphasized tlie importance oi being 
extremely cautious in making a nonancmia diagnosis of heart disea.se when .stud\- 
ing a patient with sickle-cell anemia. One should be equally cautious in (he 
interpretation of any sort of murmurs in tlie presence of severe, active, .sickle- 


cell anemia, and wait until the anemia is under control. 

Routine analysis of the electrocardiogram revealed only nonspecific, and 
rather inconsistent, changes. The electi-oeardiograms were slightly suggestive 
in 4 per cent of the eases, and definitely abnormal in another 16 per cent. .Serial 
elect I'ocardiogi'ams sometimes showed additional eridenee of myocardial change, 
although this was not the rule. There was no cliaructeristie electrocai diographic 
pattern of the heart disease of patients "with sickle-cell anemia. In general, 


the changes were those frequently encountered in cases of severe anemias or 
any toxic myocardial state. Cardiac arrhytliraias of any type were distinctly 



. .WlNSOa AND BURCH : SICKLE-CPJLL ANEMIA HEART DISEASE 693 

stenosis. The pnlnionaiy conns was f reqiientlv prominent, and was partichlarly 
noticeable when there was evidence of pidnionaiy infarction. This prodjteed^ 
roentgenograpMc picture similar to that in eases of cor pulmonale produced by 
other types of pulmonary disease. , . 

Cardiac murmurs occurred with great regularity. Mitral, pulmonary, 
and aortic murmurs, either systolic, or diastolic, or both, were encountered. A 
definite ^thrill was palpated in one case. This patient had mitral systolic and 
diastolic murmurs, and had no evidence of rheumatic fever; the cardiac signs 
were explainable entirely as a result of sickle-cell anemia. 

Dyspnea on exertion was a conunon manifestation. Cardiac enlargement, a 
rapid pulse rate, fine, moist rfiles in the lungs, hepatomegaly, and edema of 
the ankles suggested right and left ventiicular failure. All of these abnormal- 
ities, liowever, were often explainable as a result of severe anemia, pulmonary 
infarction, and hepatic changes due to siekle-cell disease. Severe right or left 
ventricular congestive heart failure, with severe orthopnea, w'as not encountered 
in any of the cases of this series. The presence of the siclde-eell anemia always 
made it difficult to evaluate the degree of cardiac decompensation because the 
disease itself may simulate this condition (vide supra). 

Severe preeordial pain, like orthopnea, was a relatively infrequent com- 
plaint. “When it occurred it Avas difficult to ascertain its mechanism, that is, 
whether it Avas due to eoroniuy arteritis from sickle-cell anemia, anemia per se, 
or other states, such as pulmonaiy crises due to sickle-cell anemia. 

The pathologic changes in the myoeardiimi consisted of marked interstitial 
edema, degeneration of the sarcoplasm, and thinning and dilatation of the right 
auricle and ventricle. In one case, there AA^as endarteritis of the coronar 5 ’' ar- 
terioles and arteries of the pericardium. Over half (66 per cent) of the au- 
topsied patients had endarteritis of the pulmonary vessels, although this Avas 
slight in many cases. Pulmonaiy edema Avas common. Hepatomegaly Avas not 
uncommon, and Avas probably caused by chronic passive congestion and specific 
changes due to sickle-cell anemia. 

Anemia alone is probably an important factor in the production of the 
signs and symptoms and pathologic changes encountered m this disease. In all 
severe anemias the reduction in hemoglobin is accompanied by certain com- 
pensatory mechanisms, such as a greater oxygen difference in arterial and 
venous blood, increased cardiac output, increased pulse rate, and a more rapid 
circulation time. All of these tend to keep up the oxygen supply to the tissues. 
Because of the increased Aimrk of the heart, Avhich is supplied by an insufficient 
amount of oxygen, AA’e may expect enlargement of the heart in severe anemias. 
This enlargement, including both dilatation and hypertrophy, is commonly 
associated Avith fatty degeneration. Such changes have been reported many 
times in a variety of severe anemias, including chlorosis, aplastic anemias, and 
pernicious anemia, especially before the advent of liver therapy. There are, 
hoAvever, certain changes AAdiich are not due to the anemia per se, but are pe- 
culiar to sielde-cell anemia. For example, changes in the heart may be manifesta- 
tions of arteritis and endarteritis Avith thrombosis. Such vessel changes and the 
resultant parenelij^mal changes in the organs nourished by these vessels affect 
the central and peripheral circulation. These and other pathologic manifesta- 
tions make siekle-cell anemia unique among the anemias. 

Anemia, although neglected as a definite cause of heart disease, is a Avell- 
knoAA’ii one. The criteria laid doAAUi by the Criteria Committee of the Ncav York 
Heart Association for the diagnosis of heart disease due to anemia are : 

1. The presence of marked anemia. 
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An outstanding feature of the cardiac disease was cardiac eniargement, 
which occurred in 95 per cent of the eases. Tiie enlargement mvolved for the 
most part the left ventricle, the right ventricle, and the pulmonary conus. In 
no instance was undue enlargement of the left auricle observed. 

Systolic and diastolic murmurs occurred at the aortic, pulmonic, and mitral 
areas. A thrill oceun-ed in one case. 

Dyspnea on exertion was a frequent complaint, but orthopnea was uncom- 
mon. The pathologic specimens showed arteritis of the pulmonary, pericardial, 
and eoronaiy arteries in one ease, and mild pulmonary thrombosis in six of the 
nine subjects autopsied. 

Routine analysis of the electrocardiogram showed nothing characteristic of 
siclde-cell anemia heart disease. Significant changes in the electrocardiogram 
were seen in 20 per cent of the eases when single electrocardiograms were studied 
in the routine manner. Serial electrocardiograms showed very few changes over 
periods of approximately four years. 

Definite right axis deviation occurred in only one case, although enlarge- 
ment of the pulmonary conus or right ventricle was encountered in 73 and 88 
per cent of the eases, respectivel 3 ^ 

Premature beats were encountered in only two cases. No other cardiac 
aiThythmias, other than sinus arrhythmia, were seen. 

The P wmves showed about the same degree of notching as is encountered 
among normal subjects. 

The P-R interval surpassed the upper limit of normal in 12 per cent of the 
eases. Complete A-V block and bundle branch block were not present in this 
series. 

Only 4 per cent of the patients liad a low T wave in Ijead I. 
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uBUsnal. Premature beats were the only disturbances in cardiac mechanism, en- 
countered in the entire series, . 

Eight axis deviation occurred in one case at a time when a clinical diag- 
nosis of pulmonaiy infarction was made. Eight axis deviation in this series 
was rarely an accompaniment of sielde-cell anemia heart disease; it occurred 
only once in twenty-five instances, in spite of the fact that enlargement of the 
right ventricle and pulmonary conus oecurred in 86 per cent and 73 per cent of 
the cases, respectively. Also, in 88 per cent of the necropsy cases there was 
dilatation of the right ventricle, and none of these patients had had abnormal 
deviation of the QRS axis. Six of the necropsy patients showed mild or mod- 
erate pulmonary arteritis and thrombosis. None of these patients had abnormal 
axis deviation. 

The P waves showed little deviation from the normal. They were occa- 
sionally of slightly increased amplitude and duration. The degree of notching 
was not greater than that found in normal subjects. In eases of rheumatic fever 
there is a somewhat greater tendency to widening and notching of the P waves. 

The P-E interval surpassed the upper limits of normal in 12 per cent of the 
eases. However, in no iustanee was the P-E iuteiwal markedly prolonged, as 
sometimes occurs in other clinical states. In no instance was complete A-V block 
or bundle branch block seen. The duration of the QES complex was within 
nonnal limits in all instances, and the Q-T interval was long in only one in- 
stance. 

T waves suggestive of abnormalities were encountered in 20 per cent of the 
cases. These clianges were generally borderline, and were not as a rule markedly 
abnomal. They varied from low T waves in Lead I to a low T„. a Tg which ex- 
ceeded Tj in amplitude in the presence of left axis deviation, a T wave of 0.5 
mm. height in the tallest of any of the three standard leads, rounding of the 
T waves, or notching of the T waves. These changes were not secondary to 
alterations in the QES complex, and, therefore, were probably the result of 
altered repolarization due to anemia, coronaiy arteritis, pulmonaiy thrombosis, 
or some state peculiar to sickle-cell anemia. 

In the precordial leads, inversion of T -was rather commonly encountered. 
Since most of these patients were in the younger groups, it was difficult to as- 
certain the significance of this. It may have been due to the position of the 
heart in relation to the preeordial electrode. "When the T waves had been up- 
right in previous electrocardiograms and then became negative, the changes 
were of greater significance. 

The high incidence of cardiac deaths at autopsy for the most part can be 
readily accounted for by the fact that severe myocavdml disease was present in 
these cases. Anoxemia, shock, pulmonary or coronary thrombosis, surgical 
procedures, anesthesia, acute blood loss, sudden increase in blood volume, infec- 
tion, and the like may precipitate congestive or anginal failure in these eases. 

SUMil.VKY 

The problem of sickle-cell anemia heart disease was studied in twenty-five 
carefully chosen cases of active sickle-cell anemia. The pathologic changes were 
studied in nine others. The problem of heart disease in patients with sickle- 
cell anemia was discussed from the clinical, pathologic, and electrocardiographic 
points of view. 

The electrocardiograms were analyzed in the routine manner. 

The disease occurred in young adults, and it was frecjuently confounded 
with rheumatic or congenital heart disease. 
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wtis estimated for each of the points. (As in the previous papers, the areas were recorded 
as units, and each was -1 microvolt-seconds. One unit is the area of a small rectangle on the 
film when the time lines indicate O.Oi second, and when a glavanometer deflection of 1 cm. 
indicates a potential difference of 1 mV.) 


RESULTS 

A typical diagram sliOAviiig tlic distribution of the net potential of the QRS 
and QES-T complexes is shotvn in Fig. 1. At each tested point the upper numeral 
is the net QRS area in 4 microvolt-second units, and the lower numeral is tlie 
net QES-T area. A plus sign indicates that the net area was positive, and vice 
versa. As nearly as could be judged from the potential distribution, an iso- 
potential line was draivn to mark zero potential difference between the points 
in the line and the common terminal. The negative area in the QES diagram, 
that is, the region where all the upper numbers are mai’ked by minus signs, 
marks the part of the body surface upon Avhicli the net QES area is negative; 


i 



and the positive area marlcs the region iii which the same net urea i-s posilue 
I'elative to the common tei’ininal. Similarlj^, tlic surface regions in which the 
net QES-T area is negative and positive are .sliown by the lower numbers of each 
pair. A solid line .separates the imsitive and negative QES areas, and a dotted 
line .separates tlie QRS-T areas. As previously reported for iiornml persons 
(lacking mirror-image dc.xtroeardia), the right slioulder and arm are nearly 
always in the negative field of both the mean QES and QE.S-T axes, whereas 
either the left arm or the left leg may lie in either field.* One of our subjects 
(Pig. 4) was an exception. 







THE NORMAL HUMAN VENTRICULAR GRADIENT 

V. The Relationship Betwo^en Aqhs and G-, and the Potentevl V^ielitions of 

THE Body Surface 


Richard Ashman, Ph.D., Frederick P. Ferguson, Ph.D., 

Alice I. Gremillion, M.S., and Edwin Byer, A.B. 

I N EARLIER papers of this series the spatial relationships between the, longi- 
tudinal anatomic axis of the heart, the mean spatial QRS axis, and the spatial 
Yentriciilar gradient were deseribedd’ - It was inferred from the effects of ro- 
tation of the ventricles about the three possible axes of rotation that, in persons 
of usual body build, the mean spatial QRS axis, SAqrs, commonly projects 
posteriorly as well as downward and toward the left, and that the spatial ven- 
tricular gradient of Wilson, S&, although usually also directed downward and 
to the left, has a less backward direction. It was calculated that, on the average, 
the spatial angle between SAqrs and SG is nearlj’- 30 degrees; that between 
SG and SS, the latter bemg the longitudinal anatomic axis of the ventricles, the 
spatial angle is about 60 degrees ; and that 90 degrees separate SAqrs and Sfi. 
The three axes were found to lie very nearly in the same plane in the nonnal 
heart of the supine, or semireeumbent, person, without tachycardia. Spontane- 
ous tachycardia, the erect posture, or both, sometimes caused deviation of SG, 
usually moderate in extent. More recently, ouabain has been found sometimes 
to cause a similar deviation.^ 

In the earlier studies these, and other, conclusions were reached from a 
study of liml) lead electrocardiograms. No special study was made of the dis- 
tribution of the net QRS or QRS-T potentials over the body surface. If the 
conclusions reached in the previous papei*s were correct, the electrical evidence 
for the presence of a spatial angle between SAqrs and SG should be obtainable 
by mapping the potential changes of the body surface. Furthermore, our earlier 
inferences regarding the cause of mdividual differences in the magnitude of the 
manifest mean QRS axis, Aqrs, should receive additional support if those infer- 
ences were correct.^’ Incidentally, our results throw further light upon the 
question of the applicability of the principle of the Einthoven triangle in human 
electrocardiography. 

METHODS 


In the present study the potential changes at twenty-three points on the body surface 
were recorded on t^YO patients witii enlarged left ventricles, and on eight nonnal persons. The 
latter were clioscn to obtain a sampling of subjects whose limb lead electrocardiograms were 
of contrasting types, and the positions of whose hearts differed widely. The indifferent 
electrode was tlie common termima of Wilson, employed witliout the use of resistances, accord- 
ing to the method described by Goldberger.s The experimental subjects were in a semi- 
recumbont position in a wheel chair when the curves were taken, with the exception of the 
two patients and one normal subject. The body surface points chosen for recording the 
potential changes are shown in Fig. 1, and need not be named. Since the method does not 
yield reliable results when the e.xploring electrode is much nearer to one than to the other 
electrodes of the common terminal, the potentials of the two arms aud left leg were calculated 
from the three standard limb leads.e The net area of the QES complex and ahso of QRS-T 
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face is below the point at which the pei-pendieular to the mean QRS-T reaches 
the surface, whereas the reverse holds for the back of the thorax. Thi.s, of 
course, is the meaning of the field differences shov.ni in Pig. 1. Since the vectore 
are directed to the left, as well as backward and do^\^lward, the zero isopotentiiil 
lines on the thorax usualh^ have an oblique, rather than a horizontal, direction. 
In every ease the degree of this obliquity agreed reasonably well with the direc- 
tions of the axes, as projected upon the frontal plane and as sho^\ni by the limb 
leads. The results in two other cases of contrasting types are given in Pigs. 3 
and 4. In these figures, as in Pig. 1, at each tested surface point the upper 
numeral is the net QES potential, in 4 mierovolt-.seeond itnits, and the lower 
numeral is the net QRS-T potential. The isoelectric lines are drawn as before. 
The legend supplies other data. 

A brief description of the results follows : 


Subject 1. — 'A middle-agwl wliite man. Sypliilitic aortic iii'-uffidency and cnlaiged 
heart. and 6 both at —20 degrees. Little overlapping of QRS and QES-T fields, except 

slightly, in the usual sense, over preeordiuni. .Ulteriorly, lines e.Ktend from lower rib margin 
on left to about the V, position, thence straight upward and across left shoulder near neck, 
then across back of neck and down to include most of riglit scapula, thence to right para- 
sternal line, downward to lower coatal margin, and to starting point. Back of left shoulder 
is at approximate center of positive fields, thus agreeing with limb leads. 

Subject 2. — Age and clinical condition like Subject 1. Aq,j„, +oo degrees; 6, -f.lO 
degrees. Fields, showing moderate overlap, agree well with relationship.s indicated by limb 
leads. 


Subject 3. — A white man about (30 years old. Cheat deep, somewhat resonant, but no 
indication of heart disease. Illustrated in Figy 1. 


Subject 4. — Young, adult, Xegro male. No heart disease. Slender, but cheat not fiat. 
AiirHt -iOO degrees; (5, -rC3 degrees; Aqu,,, 0.7 units. G, 1-1 unit.?. Isopotentiul lines obli(iuc, 
in front and back, from left slioulder to above right lower costal margin. Fields suggest 
less backward projection of mean QRS vector than is suggested by its jnagnitude. Subject 
sat up for recording of posterior potentials. 


Subject 5. — White man, aged 40 years. Xo heart disea.ae. Hypersthenic habitus, 
movlerately obe-e. Illustrated in Fig. 3. 

Subject 6. — "Wliite man, aged 35 years. Xo heart dise:ise. Sthenic habitu?. -Vqj.f, 
degrees, magnitude, 0.7 units; C, -toO degrees magnitude, 13.3 units. There is excellent 
agreement among the several data. 

Subject 7. — Yliite man, aged, 20 years. Xo heart di-ease. Tali, sthenic, slightlj 
obe.ac. Aqm, x91 degree.a, magnitude, 4.1 units; P, -r61 degrees, magnitude, 10.2 units.^ QRS 
line runs from left anterior axillary fold, at first tranaversely, thence downward to xiphoid, 
ami then on a straight line to riglit anterior .axillary fold. In b:«‘k the line runs irom rig 
axilla upward, to left, above left scapula and down to left axilla. In keeping with the ri,!a 
lively small X/u-, the indicated backward projection of the vector in considerable. There 
is a di.'crepaucy of 11 degrees between the mean QRS direction, at about -fSO degrees, au„ 
geared by the lielJ.-, and the -rOl degrees given by the limb lead.a. Tlie line for QRS-l ia .u 
u?ua], except tiiat the band of overlap on the back is ajiparently less wide than in front 
a usual finding. 

SuBJEiT a. — Wliue man, aged 21 vears, Xo heart di-'ea.-e, 

■legries, magnitude. II unit-; <5 -r-lC degrees, magnitude, 22.1 unius. 


Tall, sthenic. A, 
Illuatrated in l‘ig- i* 




Subject 0. — White man, aged 20 ye.ir.-. Xo heart dt-ea-e. Sthenic, .iiqi*, dcgrtes. 
magnitude, ■s units; 0 -fi5 degties magnitude, 17A unit-, l-opotential line for QHS-T obb'ipie, 
and aJigiitly cla-er to right .-hoiihhT than uau'il. Overlap alight on Othenri-e, data fully 

voimistent. 
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It may be observed m Fig. 1 that a part of tlie positive field of QES over- 
laps a part of tlie negative field of QRS-T or vice versa. A comparison of the 
lines shows that, on the front of the thorax, the line for QES is below and to the 
left of the line for QRS-T, whereas on the back of the thorax, the QRS line lies 
above and to the right. In this subject, Aqus and.&, the spatial axes as projected 
upon the frontal j)lane, were -r63 degrees and +46 degrees, respectively. If the 
spatial axes coincided, the body surface fields- should differ but little,, if at all, 
in distribution. The existence of a large overlap demonstrates that the spatial 
axes do not coincide, but that the two spatial axes are separated by a spatial 
angle of fair magnitude.'-^ Since the same kind of difference in the fields, was 
foimd in all the normal subjects and in one of the patients, the results confirm 
the earlier conclusion. 'When the heart is normal the spatial angle, cannot be 
accurately estimated from the chest potentials, yet the order of magnitude evi- 
dently agrees ivith the previous conclusion. The exceptional peison, in whom 
veiy little difference in field distribution was found, had aortic insufficiency and 
a hypertrophied left ventricle. 



Back 



ars-t 


Pig. 2. — The vertical line marked “front” is the anterior chest surface, and the line 
marked “back” is the posterior chest surface. If the mean QRS axis has the direction shown, 
the isopotential lines, as shown in Fig. 1, will pass through the points marked qrs. These 
points are those at which a perpendicular to QRS reaches the surface of the thorax. The mean 
QRS-T axis typically points less dorsally than QRS, and the isopotential line would pass 
through the points marked qrs-t. The overlapping of the electrical fields of QRS and QRS-T, 
as shown in the other figures, is due to tlie different directions of QRS and QRS-T. • 

Since the spatial vectors, SAqii.s and SO, are defined in terms of potential changes at 
tile extremities, the vectors shown in this diagi-am cannot be correctly designated by those 
symbols. 


Fig. 2 explains iu diagraiimiatie 'fashion Ihe reason for the observed differ- 
ence in distribution of tlie electrical fields of tiie QRS and QRS-T complexes. 
When the body is viewed from the side, especially in tlie common case of a heart 
wliieh is not strongly rotated about the longitudmal anatomic axis, the axis, 
SAqrs, is directed more posteriorly than SG.- The lines drawn perpendicularly 
to tlie centei-s of the arrows representing the vectors should reach the body sur- 
face at the zero isopotential line. It will be obseiwed that, on the front of the 
thorax, the point at which the perpendicular to the mean QRS touche.s the sur-. 

This statement is based on tlie assiiiiiption that the polarized shells appearing witliin 
the myocardium p-e continuous, and tliat the intensity of polarization of each is the ^amr 

each part of the shell. Since there is good reason to believe that neither of these conditions 
obtains, tlie lines separating the regions in wliieh the net QRS or QRS-T areas are of different 
represent accurately Uie projected boundaries upon the body surface of SAons and 
SG. The nearer the lieart the surtace point is, tlie greater the likelihood of error. 
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A second puipose of the experiments was to seek additional evidence fov 
or against the eai’lier interpretation placed upon individual differences in the 
magnitude, Aqks, that is, the manifest magnitude of the mean QRS axis recorded 
in the limb leads. If that magnitude is zero, SAqhs (the mean spatial axis) 
should point directly backward, perpendicular to the frontal plane.- In one of 
our subjects (Fig. -I), Aqrs was only 1.4 units in magnitude, and its direction 
was about -133 degrees. In this ease, very evidently, as tlie distribution of the 
fields demonstrates, the previously staled interpretation of small Aqks values is 
confirmed. However, the Aqks value in the subject shown in Pig. 3 was onlj- 
3,3 units. If the mean spatial QRS axis, SAqks, in this subject is 11.5 units, 
which was estimated to be the average value, tlien the vector should project 
back to foiTU a 73 degree angle with the frontal plane. That the backward 
projection is not so great is probably indicated by the surface potential distribu- 
tion. This case gives us the first objective evidence for a possibility we had 
previously suspected, namely, that, in certain persons, and especiall}' in deep- 
chested, pyknic persons, such as this one, less tlian an average fraction of the 
potential change produced by the heart may be transmitted to the limb leads. 
The greater volume of body tissue may act much like fiuid accumulation in the 
tissues, or the dej^th of the chest, by producing a relative forward displacement 
of the dipoles (Bayley, 'Wilson®), may reduce the magnitude of both Aqrs and 0. 
In another paper, now in pre.s.s, we will show that in such cases the form'of the 
QRS complex, rather than the magnitude, Aqks, affords the better indication of 
the direction of the spatial vector, Aqrs- The spatial gradient, Sd, is apparently 
likewise reduced for the same reasons. There is, of course, a third way of 
accounting for some small magnitudes of the vectors, namely, that the net 
electromotive force generated by the heart is much less than the average in some 
cases. The form of the QRS complexes suggests that this factor, if present in 
Fig. 3, is of secondary importance. 


The Potential of the Common Terminal. — A series of papers have advanced 
evidence which is believed to demonstrate the invalidity of the T'linthoven til- 
angle method as applied in human electrocardiography. The last paper in the 
series gives reasons for doubting that the potential of the common terminal of 
Wilson remains neai’ly at zero throughout the cardiac cycle.'' Since our work 
is based upon the a.ssumption that the mean potential of the common terminal 
is zero, or at the potential of the mid-points of the dipoles for both QRS and 
QRS-T, it is neeessaiy for us to meet the objection. Fortunately our rcsult.s en- 
able us to draw some conclusions. 


No one Avill quarrel with the .self-evident statement that the electromotive 
forces responsible for the potential changes we are studying are produced m 
tlie heart. Therefore, subject to a i)o.ssiblc discre])ancy de.scribed in the loot- 
note on page 699, if the body could be imagined as cut into two parts, with the 
surface cuts made along the isopotential lines of the figure.s, the .section .shoidd 
pjiss through the heart. In.spection of our figures shows that this expoctatum 
is met for the QRS complex in eight of our ten ca.scs; in two cases both the 
QRi> and QRS-T section might muss tlie ventricular base by a centimeter or 
two, and in one otlier ease (Pig. I) only the QRS-T might miss it. If this is 
not due to the factor mentioned in the footnote.(p. 699), it may imply that the 
memi potential of the c«jmmon terminal is slightly negative, thu-s causing an 
apiauvnt inci'ea,se in the extent of the paiilivu field. If this conclusion were 
to be accepted, then it is obvious from the potential diiTcrence.s shown by the limb 
leads that the mean potejuial of the right arm mii.st be .strongly negative tluring 
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Subject 10. — Vk’hite man aged 26 years. No heart disease. Aq^s, +83 degrees, magnitude, 
7.8 units; G, +69 degi-ces, magnitude, 10 units.. Similar to Tig. 2, but the bands, as expected 
from vector directions, are more transverse, and the zones pf overlapping are relatively narrow. 
Excellent agreement between indication of backward ijrojection of Aqus and the electric fields. 



Pig. 3. — Subject 5. B'or. interpretation, see Fig. 1. 







DIPHTHERITIC MYOCARDITIS 


With a Report of Two Casks 


Major David Ball, jM.C., Army of the United States 

T he heart is often affected in diphtheria Arith resultant eleetroeardiograpliic 
changes. This paper is eoneei-ned ivith the ehange.s occurring in adults only. 
In this global war, many of our soldiers are stationed iii areas AvJiere diph- 
theria is endemic amongst tlie native population. Some of our troops conse- 
quently develop diphtheria. It is the practice of this hospital (general lios- 
pital OA^erseas) to take serial electrocardiograms on all cases of diphtheria 
throughout the course of the disease. 

TAvelve eases of diphtheria have been diagnosed and treated; electro- 
cardiographic changes Avere found in tAvo, an incidence of 10,5 per cent cardiac 
involvement. EgglestoiP described T-Avave changes (similar to this series) as 
the most frequently observed electrocardiographic alteration in 16 per cent of 
his eases. During the stage of inversion, the T-Avave changes may so closely 
simulate the inverted “coronary T Avave” of myocardial infarction that this 
error in diagnosis can be made unless attention is paid to the S-T interval. 



Fig. 1. — .Schematic drawing illustrating the typical S-T anti T-wave changes in (_J ) illphtlicrl- 
tlc niyociirdili.s .and IIS} myocardial infarction tluc to coronary occliwion. 


The earliest electrocardiographic change obserA'cd in diphtheritic myocarditis 
(Fig. 1) is a depre.ssiun of the S-T interval. The T Avave then becomes loAV'cr 
in amplitude, i.soeleetrie, diphasic, and finally inverted. 'I’hc S-T interval al- 
Avays remains slightly depressed. This is in fiii'ect contrast to the S-T inteiwal 
in myocardial infarction, Avherc, after the initial marked elevation of the S-1 
interval and the subsequent invei-sion of the T Avave.s, the S-T intervid is 
ahvay.s isoelectric or .slightly abov'c the Isoelectric line. 
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inscription of the QRS or QRS-T complexes. If, as the authors quoted believe, 
the right arm undergoes relatively little change in potential during the inscrip- 
tion of QRS, the positive fieldes shown by our diagrams should appear much . 
smaller and the negative fields much larger. In no ease was there evidence 
for this, although, obviously'', minor discrepancies could not be recognized. 

Our conclusion is that, with respect to . the memi electrical axes, no enor- 
mous error” can be introduced by the Einthoven triangle method. That there 
may be minor errors, espeeialhr wiien the heart is vevy horizontal, is likely, as 
a later paper ^vill point out ; but the errors in nonnal chests are nearly negligible 
practically, and can be allmved for in analysis. With respect ta the initial in- 
stantaneous axes of the QRS complex, it is possible that the error may be greater. 


SUMMARY 

The distribution of the net QRS and QRS-T potentials on the body surface 
supports the earlier conclusion that there is a spatial angle betw’een the mean 
spatial QRS axis (SAqrs) and the mean spatial QRS-T axis (S&). The earlier 
inference that small magiiitudes of the mean QRS axis are due to a relativelj^ 
baelcward projection .of the mean spatial QRS axis (SAqrs) also receives added 
support, but the results indicate that some other factor or factors ai’e sometimes 
also involved. Our results suggest further that no very large errors are in- 
volved in the use of the common terminal of Wilson as a zero reference point. 
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Peb. 13, 1944, five days after tlie appearance of a meinbiaao, showed definite elianges. 
There was a pronijit response to antitoxin, the throat cleared rapidly, and the patient 
remained symptom free. Because of the electrocardiographic changes piesont, he was 
kept quietly in bed and serial electrocardiograms were taken (Fig. 2). At no time wore 
there any complaints referable to the cardiovascular system, physical examination of the 
heart was negative, and blood pressuie and x-ray of the chest were normal. The electro- 
cardiogram was considered normal on June 1, 1944, three and a half months after the first 
change was detected. He was returned to duty, resumed normal activities, and has re- 
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REPORT OP. CASES , , . 

Case 1.— A nian, aged 22 years, complained of a sore throat and generulized aches 
and pains four days before admission to the hospital, Physical examination, revealed what 
aoneared to be an acute follicular tonsillitis which responded promptly to sulfadiazine by 
mouth. Pive days later, while convalescing, he developed a sore throat, headache, and 
temperature of 101.S° -F. Throat culture was positive for Klebs-Lofller bacilli and 40,0 0 
units of diphtheria antitoxin were administered. Electrocardiogram . (Fig. 2) taken on 
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THE USE OF THE AUG3IEXTED UNIPOLAK LEFT LEG LEAD IX THE 
DIFFERENTIATION OF THE NORMAL PROM ABNORMAL 
Q WAVE IN STANDARD LEiVD III 

Gordox B. Mvers, M.D., Detroit, Mich., axd Bi:xjAiiix G. Orrx, 3LD. 

I\lLv:iii, Fla. 

I N THE original descriptions of the eleetroeardiographic changes which follow 
localized myocardial injurj'^ or coronaiy ligation in animals^ mid coronary 
occlusion in man,^'® emphasis was placed e.Kclusively upon the changes in the 
ST-T segment. Altliough Q waves were present in the illustrations accompany- 
ing these reports, no comment Avas made regarding them, pei’haps heeause of the 
knoiATi occurrence of Qj normally. Passing mention was made of the presence 
of in myocardial infarction by several authois during the next deeade,’-*“ but 
the diagnostic significance was not appreciated until the work oL' Pardee, in 
1930. He concluded that a Q wave in Lead III which was 25 per cent or moie of 
the tallest R wave in any of the three standard leads was of clinical significance, 
in euTA^es which did not show right axis deviation, because of its frequent asso- 
ciation Avith eoronaiy arteiy disease and its rarity imiong normal poisons. His 
obseiwations AA'ere .soon eonfimed by othens,^®’-- Avho found that a A'ery high 
percentage of the electrocardiograms shoAAung a Q 3 Avhich conformed to Pardee's 
criteria or to slight modifications thereof Avas from patients with abnormal 
hearts, and a A'ery small percentage Avas from persons AA’ith normal hearts. 
More recent studies, notably those of Short,-* StcAvart and !Manning,^* and Lray- 
biel, et al.,-^ haA'^e indicated that a Pardee type of Qj Avhieh is indistinguisluiblc 
from that associated Avith old posterior infarction is not infreiiuent in electio- 
eardiograms from normal pei'sons. It AAmuld thus appear that some additional 
method is needed for differentiating the Q, AA'hich often persists as a residue of 
old posterior infarction from the Q, Avlrieh sometimes occurs normally. 

Semidirect precordial leads, fii'st de.scribed by Wolferth and Wood,*'* in 
1932, but in use .simultaneously by Wilson and his co-AVorkeis,-' Iiua'c aided 
gi-eatly in the diagnosis of anterior infai-etion; they reveal many small infarcls 
that do not produce recognizable changes in the standax’d lead.s. TJu'ough tlie u.se 
of multiple pi-eeordial leads, IVilson, et al.,*' in 1933, first advanced the explana- 
tion for the oi'igin of the Q avra'c in myocardial infai'ction Avliich Is now genei'ulG 
accepted. They likened an infai'cted area to a Avindow or orifice in the ven- 
tiacular Avail through Avhich potentials Avithiix the venti-icular cavity axe traii.s- 
mitted to the surface of the body. When the infarct is hxjated in the anteiiox 
AA’ail of the left A'entricle, the potentials of the cavity are tx-ansmitted to the pi'c- 
coi’dium and sometimes to the left ai'm, giA'ing i-ise to abnoi'mal Q and 1 Avavc^ 
ill semidireet leads over the left A'cnti'icle. and .somctlme.s in Leatl I, a.s uel . 
When the infarct is located in the postei-ior Avail, abnormal Q and T xvaves ap- 
pear in Leads II and HI. 

Semidireet e.suphageal leads pi'ovide a method for the study of le.^ioxi.s oi the 
poatei’ior Avail Avhich is com pax-able to the px'ccordial l(*ad.s for anterior Avail 
le,sions. An e.^ophageal electrode was doA'ised by Liebei'son mid Liberson,*'* ainl 
AVtUS applied by Hamilton and Nyboei-* fo tlie si inly of pu.stei'ior infarction. Ae- 

t'Tom til.. iKUn.U X>. (jtrUii. nt or on AV.ijn. I'nin Coll, of M- .U'l Oo- Cui 

of Ixtroit H, t, 

Btt-tnta r,.r i,iiX>iic.iEj<in i,i. X3H. 



BALL: DIPHTHERITIC MYOOAIIDITIS ,, T07 

mained symptom free. It cannot be stated mtli certainty whether or not this patient had 
diphtheria. when he was hrst admitted to the hospital with what appeared to be an acute 
follicular tonsillitis. In view of the fact that tliere were other cases of diphtheria in the 
hospital at the time, it is possible and likely that the first evidence of “sore throat” was 
due to diphtheria. 

Case 2.-^A man, aged 37 years, was admitted to the hospital on Jan. 21, 1944, witli 
nasopharyngitis. A routine electrocardiogram was normal. Wlule convalescing, he developed 
a perianal cellulitis, secondary to an internal hemorrhoid. This was treated conservatively. 
On Feb. 19, 1944, he had an epistaxis. Five days later (Feb. 24, 1944) he complained of a 
sore throat and the next day Avas found to have a dirty, graj^ membrane in the left nostril 
and an early membrane formation on both tonsils. Temperature was 102.6° F, A clinical 
diagnosis of diphtheria Avas made, nose and throat cultures were taken, and the patient 
Avas transferred to the isolation serA'ice and given 40,000 units of diphtheria antitoxin, 
intramuscularly. ITose and throat cultures Avere positiA'e for Klebs-Lofller bacilli. The 
first electrocardiogram, taken *Feb. 27, 1944, two days after the appearance of the mem- 
brane, was normal (Fig. 3). Temperature became normal on IMarch 2, 1944, and the mem- 
brane disappeared on March 5, 1944. ISTose and throat cultures, taken on March 9, and 
jMarch 11, 1944, were still positiA'e. A small follicle appeared on the left tonsil on March 
12, 1944, and another dose of diphtlieria antitoxin, 40,000 units, Avere given intramuscu- 
larly. An electrocardiogram, taken the next day, sixteen days after the appearance of a 
membrane, shoAved the first deA'iation from the normal, a depression of the S-T intei'Aml in 
Lead I and elcAmtion in Lead W. Electrocardiogram, taken on March 19, 1944, shoAved 
typical changes seen in diphtheritic myocarditis. The only clinical cardiac finding at this 
time Avas a persistent tach3’cardia with a rate of 120 per miiuite. Blood pressure Avas 
120/70 and teleroentgenogram Avas normal. The patient then developed a classical, marked 
peripheral neuritis in all extremities Avith marked motor weakness. Marked apprehension 
and nerAmusness Avere present, and there aauis beginning weight loss. Tlie nervousness, 
tachycardia,, and weight loss suggested the clinical picture of hj'perthAwoidism. TJnfor- 
tunatel}’’, there was no machine aA-ailable to determine the basal metabolic rate. The 
patient was given a therapeutic teat AAdth lugol solution and, Avithiu a week, the pulse rate 
Avas noi'mal, nervousness disappeared, and appetite returned. Lugol ’s solution Avas adminis- 
tered for another ten days and then discontinued. Serial electrocardiograms (Fig. 3) shoAV 
the typical changes observed in this case Avith a return to an almost normal curve. Tho 
peripheral neuritis graduallj* improved and the patient Avas able to Avalk and get around 
before being evacuated to the zone of the interior. 


GOMAIEXT 

Tile, electrocardiographic changes observed in both eases described Avoiild 
indicate that there Avas severe and extensive myocardial involvement. At no 

V - 

time did -these patients have any complaints referable to the cardiovascular 
system and, at no time, were there any clinical findings to suggest involvement 
of the heart. In both eases, the changes ivere reversible and shifting from day 
to day, suggesting that the changes observed are “toxic"' in origin and not 
due to any structural damage to the heart muscle. 


CONCLHSIOXS 

1. The electrocardiographic changes observed in two cases of diphtheria in 
adults ave described. These changes conform to a type that is easily differen- 
tiated from those obseiwed in myocardial infarction due to coi'onary artery 
occlusion. 

2. The S-T interval is always depressed in diphtheritic myocarditis. 

3. The changes are reversible and “shifting.” 

4 . These effects are probably toxic in origin in diphtheritic myocarditis. 

5. ./There was no clinical evidence of heart disease in either ease described. 


REPERENCE 


1. Burkkardt, E. A., Eggleston, C., and Smith, L. TV.: 
Penpheral Nerve Palsies in Toxic Piplitherja, 


Electrocardiographie Changes and 
A;n. J. M. Sc. 195: 301, 193S, 





710 AMERICAX nHVBT JOUHX VL 

Tkroughoufc this study, the Cambridge string gahanometer ii^ed. Esophageal leads 
\rero taken v,ith the subject in tJie recumbent position, using an improvised electrode made 
by passing a thin, insulated, braided copper wire through a Relifus-, tube, the np of nhieh 
served satisfactorily as a contact. The tube was marked off in 2.a cm. segments, and an 
ordinary battery clamp was used as tlie contact at the proximal end. The tip could bo readily 
passed nasally, and the procedure nas not accompanied by any notable trauma. The indifferent 
electrode for the esophageal leads nas the same as for the unipolar extremity and precordial 
leads. Our tracings agree very \vell with those of Xyboer,io and wo luue accepted his values 
of 35 to 40 era. from the naies as tlie level of the auricles, and 45 to 55 cm. a,s the ventricular 
levels. In recouling the measurements of tlie deflection'., correction wim made for errors in 
standardization. 


PRESENT VTIOX .VXD DISCUSSIOX OF RESULTS 

A. Jlode of Establishing the Diagnosis . — 

1. Cases of Posterior ilyoeardial Infarction : A diagnosis of posterior in- 
farction was made in a total of twenty-five cases (Table I). Four of these 
patients had a recent posterior infarct, as revealed by the electrocardiogram 
and eonfii’med at autopsy (Cases 13, 14, 16, and 19). Each of the remaining 
twenty-one patients had an old posterior infarct. Ten had been under our care 
during the acute attack months or 3 ’’ears previousl}’- (Cases 2, S, 20, 21, 22, 27, 
31, 32, 46, and 47), at which time the classical signs were demonstrated in serial 
eleetroeardiograms. In addition, esophageal leads, taken at the time of tiiis 
study, confirmed the presence of the old posterior infarct in all ten cases. The 
diagnosis was established in the other eleven cases ( Cases 4, 6, 10, 12, 23, 24, 25, 
35, 48, 49, and 50) b}’ means of esophageal leads. 

A summary of the esophageal lead data is given in Table I, According to 
Nj'boer,^® a Qev that e.xceeds 0.4 mv. is diagnostic of posterior infarction, espe- 
cially if it is relativelj' large in proportion to the R wave in Lead Ev. Qnv ^''33 
0.4 mv. or more in twent.v of the twentj'-two eases in this group in wliieh eso- 
phageal leads were taken. The two remaining patients (Cases 10 and 48) showed 
Q waves in the esophageal leads which were less tlnin 0.4 mv. in depth, measuring 

T.VBLE I. Elf.ctkocardiogiuvpiuc Me-vsukements is Twenty-Five Cases or 

Posterior Inewrction 
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eordiug to Nyboer,'^® a Q deflection in esophageal leads at the ventricnlar level 
(Lead Ev) is indicative of posterior infarction if it has a value of 0.4 mv. or 
is large in proportion to the R wave in Lead Ev. 

Although esoifliageal leads are valuable, the procedure is uni^leasant ; if the 
patient is acutely ill, it may be dangerous. For these reasons, esophageal leads 
have not met with extensive clinical application. 

Ill 1934, lYilson, et al.,^^’ presented a luiiqne method of obtaining ex- 
tremity potentials which were unipolar. They also made the significant observa- 
tion that posterior infarctions usually face toward the left hind leg in the dog, 
.and toward the left leg in man. Hamilton and Nyboer-“ and Ko.ssmann and de 
la Chapelle^® also noted that the electrocardiographic changes of posterior in- 
farction may appear not only in Lead III and in esophageal leads from the 
ventricular level, but also in the left leg unipolar lead. 

Goldbergei*^^ simplified "Wilson’s technique of obtaining unipolar prceordial 
leads and also devised a method of augmenting by one and one-half times the 
hitherto small unipolar extremity potentials. He stated^^' that small posterior 
infarctions may be shown by the left leg imipolar lead Avhen there are no changes 
in the standard leads. 

In a paper published after the completion of our .study, Ljde^*’ utilized the 
iuiii)olar left leg potential of Wilson as a means of differentiating the normal 
Qg from that associated with posterior infarction. She studied twenty-nine eases 
in which there was a deep Q wave in standai’d Lead III and found that all ten 
patients who gave a history of coronary occlusion had a lai’ge Q wave in Lead 
Vp. She stated that it would be necessary to study a much larger number of 
eases to ascertain the normal limits of the Q wave in Lead Yp and to obtain 
conclusive statistical evidence of the diagnostic significance of the QRS pattern 
in this lead. The data presented in this communication provide further evidence 
bearing on this problem. 


:^IETHOD AND MATERIAL 


Forty-iime pcrsonii promiueiit Q or QS waves iu Lead III were selected for .study, 
lu forty-five of the «»se.s tlie electrocardiograms conforiiie<I to the criteria of Pardee (1) 
Qs was at least 25 per cent of the largest R in any of the three .-standard leads, (2) right 
axis deviation was not present, and (3) S 3 was absent. In a few of the cases, QRSj wa.s 
represented by a QS complex rather than a QR complex, as originally specified by Pardee. In 
many of these cases it was difficult or impossible to e.xpress a definite opinion from the 
standard leads alone as to whether or not an old posterior infarct was present. One of the 
four remaining subjects (Case 15) hud a prominent Qj, together with right axis deviation 
resulting from pulmonary embolism. The other three subjects were controls with right axis 
deviation due to a vertical position of the heart, and had a Qj which ranged from 20 per cent 
to 33 per cent of the tallest R in the standard leads. One additional subject (Case 50) showed 
an BS complex instead of a Q wave in Lead III, but was included iu the study because of 
ST-T changes typical of posterior infarction. 


In all fif t^ c* sc. , the follou ^u,„ lead s were taken: the three .standard leads of 
Eittthoveu, six unipolar precordial leads (V, to V^, inclusive), using the technique of Wilson, 
et al.,3- or Goldberger,33 and three augmented unipolar extremity potentials, according to 
the technique of Goldberger.-»=^ The presence or abseni^e of posterior infarction was positively 
established either by autopsy or by esophageal leads, supported by clinical data which in many 
eases included previous electrocardiograms. The electrical position of the heart was ascer- 
tained from the precordial ami unipolar extremity potentials, using Wilson 'ss- criteria. * 


‘GoUiberger s modification ditfers from AVilson’s original central terminal only bv the 
absence ot the o.OOO-ohni resistances. Precordial leads obtained by these two meffiods on the 
same patients were mdistinguishable from one another; the two elecu-odes were comDletelv 
mterch.angeable for this purpose, so far as we could ascertain. The advantage of the Golffi 
bt.rgei elect! ode IS that it can be used either for recording the unipolar precordial potentlaL 
lend itself uf the laTten potentials, whereas the original Wilson electrode^does not 
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the esophageal leads and also in Leads 11, HI, and aVf. The diagnosis Avas eon- 
finned at autopsy. Case 38 (Fig. 2) Avas a representatiA'e normal eontrol 
having a prominent Q Aveive in Lead HI Lut no signs of infarct in the eso- 
phageal leads or in Lead aYj.-. 


oVl aVp 



E35 E 40 E 45 E 47‘/2 E 50 E52'/2 



CASE 19. DIED SUDDENLY 4 DAYS AFTER ECG 
WAS TAKEN . 

AUTOPSY FINDINGS: RECENT POSTERIOR 
BASAL INFARCT WITH TERMINAL RUPTURE. 

Fig. 1. 


2 3 oVp aVi oV|r 
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CASE 38. CLINICAL DIAGNOSIS: NORMAL HEART. 
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0.3 and 0.25 mv:, respectively. However, when the amplitude of Qev was con- 
sidered iu relation to Eev, the ratios were 35 per cent and 75 per cent, respec- 
tively. In all of the remaining twenty cases in this group in which esophageal 
leads were made, Qev was also more than 25 per cent of Key, suggesting that this 
may he a more valuable criterion than the actual voltage of Qev- 

2. Cases in ‘Which There Was No Posterior Infarction : Posterior infarc- 
tion was excluded in a total of twenty-five cases (Table II) — ^in three by autopsy 
and in the other twenty-two by esophageal leads. Qev was absent in sixteen of 
the twenty-two cases in which esophageal leads were classed as negative. In five 
cases (Cases 26, 30, 37, 42, and 43), Qev was considered insignificant because 
it was less than 0.4 mv. in amplitude and less than 25 per cent of Key- In the 
remaining case (Case 41), Qev was 0.6 mv. in amplitude, but was not considered 
a renmant of infarction because it was followed by an Key which measured 2.4 
millivolts. The history was negative for coronary thrombosis in all but one of the 
cases in which posterior infarction was excluded by esophageal leads. The sole 
patient with a positive historj’’ (Case 42) was under our care during the acute 
attack, at which time serial electrocardiograms were diagnostic of anteroseptal 
infarction. Six months later, at the time of tliis study, electrocardiographic 
evidence of this infarct had completely disappeared. A small Q and a large 
R wave in Leads II and III, due to vertical position of the heart, were present 
in all electrocardiograms in this case, but posterior infarction was excluded by 
the absence of serial changes in QRS-To .„,d 3 and by negative esophageal leads. 

The dift'erenco in the esophageal lead patteni associated Avith posterior in- 
farction and that in uninfarcted controls is illustrated by Figs. 1 and 2. Case 
19 (Pig. 1) had typical electrocardiogi'aphic signs of posterior infarction in 

Table II. Eleci’ROCardiographic Measuremexts in Twexty-Fu'e Cases ix Which There 

W.vs No Posterior Ixfakctiox 
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that the two groups of eases eanuot be cliffereutiated on tlie basis of the depth 
■ of Q 3 or its relation to the tallest R wave. 

2. Oeeurrenec of Q. and Its Relation to By. A significant Q, (greater 
than 25 per cent of R_,, according to Durant-') was present in thirteen of the 
twenty-five patients Avith posterior infarction (Table 1 ) and was found iu only 
two of the tAventy-five persons without infarction. Admittedly, this is a helpful 
finding Avhen it does appear, but it is unportant to note that it avjis absent in 
nearly half of our patients Avitli posterior infarction. 

3. The Duration of Q 3 : According to Bayley,''^ the duration of Q 3 is more 
important than its amplitude or its relation to the tallest R Avave in the standard 
leads; Ills criterion for an abnormal Q 3 AA-as a duration of 0.04 seconds or more. 


2 3 oVr qVl oVp Ea Ey 



CASE 5. NORMAL Q 3 DUE TO SEMIHORIZONTAL HEART. 



6 . Q 3 DUE TO OLD POSTERIOR INFARCTION. 



CASE 7. NORMAL QS 3 DUE TO SEMIHORIZONTAL HEART . 



CASE 8 . QS 3 DUE TO OLD POSTERIOR INFARCTION. 


I‘’iK. 1- — Uac vt aiisiiitntyd unipolar U*ft let; potunUal (Lead aA^r) to dl((erentluto tlie tiouital 

Qj from tiiat due to po.>itcrior infarction. 


Only nine (Cases 4, 3, 10, 13, IG, 23, 35, 47, 48) of oar tAveiity-five patients with 
l)Osterior infarction fulfilled this criterion (Table I). On the other hand, three 
(Cases 3, 44, 45) of the tAventy-five subjects Avith Q, but without posterior in- 
farction also met the .same requirement. Each of these i-asc-s had clinical and 
electrocardiograidiic signs of left ventrieiilar hypert rojihy, llowcAer, (Jrayhie!, 
et al.,-' itave demonstrated a prolonged Q 3 in apparently normal aviators. 

From the foregoing it is evident tJmt neither the dcijtli of Q, in relation 
to the talle.^t R, the dnraliou of Q,, nor the ratio of Q_, to IF is entirely depend- 
able for (huermining tlu! presence or absence of old pfjsterior infarction 
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B. Comparisoyi of Standard Leads of Posterio)” Infarction With Those of 
Uninfarcted Controls . — 

1 . Depth of Q 3 and Its Keiatioii to the Tallest R: Measurements of the 
voltage of Qa and a ratio of the amplitude of Q 3 to that of the tallest B are 
recorded in Table I for the eases of posterior infarction and in Table 11 for 
the uninfarcted controls. was 25 per cent or more of the tallest R in 
twenty-four of the tAventy-five cases of posterior infarction, and rmried in 



oVr qVl aVp Ea 



DUE TO SEMiHORlZONTAL HEART. 





DUE TO SEMIHORIZONTAL HEART. 



Pig-. 3.— Use of augmented unipolar left leg potential (Lead aVr) to differentiate normal Qj 

from that due to posterior infarction. 


depth from 0.15 to 1.1 millivolts. However, in ail but two of the twenty- 
five persons Avithont posterior infarction, Q, Avas entirely comparable, rang- 
ing from 0.3 to 1.4 mv. and amounting to 25 per cent or more of the tallest 
R Avave. In the two exceptions (Cases 41 and 43) the ratio Avas bordeiv 
line, being 23 per cent and 20 per cent, respectively. It is thus evident 
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CASE 13. RECENT MASStVE INFARCT INVOLVING ENTIRE POSTERIOR ASPECT^ 

AND RIGHT VENTRICLES DUE TO OCCLUSION OF RIGHT CORONARY ARTERY. 



CASE 14. ORGANIZING POSTERIOR BASAL INFARCT DUE TO OCCLUSION OF RIGHT CORO 
NARY ARTERY. 



MARKED LV HYPERTROPHY (HEART WT -731 G). CORONARIES NEG. NO INFARCT. 

7. — <'lj< 1 tvitJi .jutjjfj.iv itiori. 
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lu Figs. 3, 4, and 5, electrocardiograms of six patients witii proved posterior, 
infarction (Cases 2, 4, 6, 8, 10, and 12) are paired off for purposes of comparison 
mtli the electrocardiograms of six subjects in ^vllom the diagnosis of posterior 
infarction was excluded (Cases 1, 3, 5, 7, 9, and 11). The QSg type of complex 
described by Durant-^ is represented in Cases 7 and 8; the QR complex of 
Pardeed“ in the remainder. Attention is directed to the close resemblance of the 
standai'd leads of each pair of eases. Comparison of Q3 of the even-numbered 
cases, in which the presence of posterior infarction was established, with the 
corresponding odd-numbered cases, in which it was excluded, reveals no 
significant difference in the duration of Q3, in its absolute voltage, or in its 
amplitude relative to the tallest R in the standard leads. On the other hand, 
comparison of the QRS complexes in Lead aVp of each pair of cases reveals 
significant differences in contour which permit a sharp differentiation between 
the infarcted and the control eases. 


I 2 3 oVp . , 



CASE 10. Q 3 DUE TO OLD POSTERIOR '4f|fARCTION. 



CASE !L NORMAL Q 3 DUE TO SEMIHORIZONTAL HEART. 



Fig. 5. — ^Use of augmented unipolar left leg potential (Lead aVp) to differentiate normal Qj 

from tliat due to posterior infarction. , 

Further comparisons are afforded by Figs. 6 and 7; which illustrate cases 
in winch the diagnosis was established by autopsy. Fig; 6 includes a classical 
recent posterior infarct (Case 13), a case which is less typical, partl}^ because 
of low voltage (Case 14), and a control (Case 15) which hail a QRSrT-eomplex^ 
suggestive of posterior infarction in Lead III but not in Lead^aVp. From this, 
together with the right axis deviatroii in the standard leads and the inversion 
of the T wave in the precordial leads over the right ventricle, the correct diag- 
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trat'ings, however, a small initial R wave was present.® The fact that the nni- 
polar extremity leads showed horizontal position of the heart suggests that a 
portion of the right ventricle as well as the left may have been directed against 
the diaphragm, and therefore may have contributed to the pattern in Lead aVi.. 
The activation of this portion of the right ventricle may account for the small 
initial R wave which appeared in Lead aVp and Avas carried over into Lead III. 

A measurable QaVp oceuned in eight of the twenty-hve poisons Avithout 
posterior infarction (Table II). It is therefore evident that the mere presence 
of a Q Avave in Lead aVr does not necessarily indicate the existence of a posterior 
infarct. Since all tAvent.y-tive of these control subjects had prominent Q AvaA-es in 
Lead III, it is obA'ious that QuVb- is a much less common finding than Q 3 in the 
absence of infarction. 


qV p aV|_ aVp 
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CASE 50. LUETIC AORTIC INSUFFICIENCY. ANGINA 
PECTORIS 4 YEARS. 

iOs. 9, — Coroniiry T \va-»<>s In Ltail^ II. Ill, aVf. and Ev. Q waves ab'wnt. 

2. Duration of QaVp in the Two Groups: Uf the tAvcnty-two patients vA’ith 
infarction who .showed QaVr, this deiiection awis 0.04 .second in duration or 
longer in only three imstances (Cases 10, 16, and 4S). In none of the imin- 
favclcd controls did the QaVi- reach 0.04 second. Thus a (JaVp that is O-fil 
second or more in duratimi is .sugge.stive of jjosterior infarct, but ^ of rare 
occurivnce. 

3. Voltage of <,jaVj.- in tin* Two Gioups: In tbe twenty-tivo patienls Ai'itli 
infarct the voltage of QnVy varied fiom O.l to 0.8 mv., wliile in the eight per- 

-1 u{ UiN ri,.>ir»;imition :ir> tlnn .< ' rruntoualy cla.>..4td a.i Q w.iwe 'I’ij'J 
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nosis of acute cor piilmonale was readilv made eleetroeardiograpliically. Pig. 7 
illustrates tlie appeai*ance of a QSg type of complex both in patients with 
posterior infarction (Case 16) and in persons wthout infarction (Cases 17 and 
18). Case 16 is readily differentiated from Cases 17 and 18 by the contour of 
the QES in Lead aV p but not by the contour of QES;,,. 

C. Comparison of Lead aVp in Posterior Infarction With That in JJnin- 
farcted Controls . — 

1. Incidence of QaVp in the Two Croups: Since the potential of the 
posterior inferior surface of the left ventricle is transmitted through the 
diaphragm and intervening structures to the left leg, a Q wave in Lead aYp 
would be expected if this aspect were infareted. Of our twent 3 -four electro- 
cardiograms of posterior infarction exhibiting a Qg, a measurable Q wave oc- 
curred in Lead aYp in all but two subjects (Cases 46 and 47, Fig. 8). 


In both of these subjects, the acute attack had occurred approximately one 
3 'ear prior to this study and was established hy typical serial changes in the 
electrocardiogram. Esophageal leads taken at the same time as Lead aVp were 
typical of old po.sterior infarction. The presence of an abnormal Q wave in the 
esophageal leads and its absence in lead aVp suggests that the infarct maj' have 
been located high on the posterior m^'oeardial wall, near the auricular margin. 



CASE 47. OLD POSTERIOR INFARCTION, CONFIRMED BY ESOPHAGEAL LEADS. 


Fi.T. S. — 0;'.sos in whicli Le.urt aVr failuil to revt-al tlie presence of old posterior infarction. 


Tliis premise is supported by the fact that esophageal leads taken from a point 
50 cm. from the naves were diagnostic of posterior infarction in Case 47, where- 
as leads taken at 52.5 cm. and below were normal. In Case 46 signs of posterior 
infarction were unmistakable at 50 cm. but had almost disappeared at 52.5 
centimeters. Unfortunately no tracings were obtained at lower levels in this 
patient. If an infarct near the auriculoventricular junction does not extend 
a sufficient distance toward the apex to reach the diaphragmatic aspect of the 
left ventricle, one would anticijiate no changes in aVf even tlmugh the e.so- 
phageai leads are diagnostic. 


In Case 50 (Pig. 9), a small E and a deep S wave were found both in Lead 


aVy and in standard Lead III iiLstead of the classical QE or QS complex. The 
diagnosis of posterior infarction was made by the presence of cove-shaped T 
waves ill Leads II, III, and aYi’, and was confirmed by esophageal leads. In all 
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A deep QiiYr loliowed by a siuali li wave, resembling the pattern in 
posterior infarction, wms found in only one of the twenty-five subjects in whom 
posterior infarction had been excluded by history and esophageal leads (Case 
45, Pig. 10). In this ])atient, there was clinical and eleetroeardiogra]djic evi- 
ilencc of left ventricular hyj)ertrophy. It is noteworthy that QaVi- was present 
only when the patient was in the recumbent posture, ajul disjippeared completely 
when the i)atient was seated. Since Lead aV^ in the recumbent posture closely 
resembled Vj and V^, whereas Lead aVi. resembled Leads and V.,. it is evident 
that Ihe heart was in the horizontal position, and the right ventricular potentials 
were transmitted to the diaphragm and left leg and the left ventricular jjotenlials 
to ihe left ju-m. Thus the Q wave in Lead aVp is analogous to that commonly 
observed in precordial leads ovei- tlie right ventricle in patient.s with left ven- 
tricular hypertrophy. When the patient as.sumed the sitting posture, the 
lowei-ing of the diaphrairm pi-obably caused sufficient rotation so that left ven- 
tricular potentials Avere directed, in ])art, toward the left leg. resulting in a small 
ESR complex. The reason for the deep Q, in the sitting, as well as in the 
recumbent, posture will be considered in the discussion. 

Lead aYp was misleading, then, in one of the i)ei-sons Avithout posterior 
infarction (Case 45, Fig. 10) and in two of the patients with infarction (Ca.ses 
46 and 47, Fig. S). Although, on the Avhole, Lead aYr proved more reliable 
than standard Leads II and HI in the diaunosis of postoviov infarction, these 
exceptions emphasize the fact the licad aYp ix not infallible for this piupo.se. 
The information it .supplies must be correlated with other electrocardiographic 
and clinical data to minimize erroi-, 

D, Postural Variations of and QuYi .-. — Standard and augmented uni])o]ar 
extremity potentials were taken in the sitting and recumbent postures in eight 
|)er.son.s in Avliom infarct was excluded and in one ])atient Avith posterior infarc- 
tion. Qj AA'as signihcantly dee])er in the .seated, than in the recumbent, posture 
in five of the eight uninfarcted controls, Avhereas the rcvci-se Avas true in tAvo 
subjects, and no difference was noted in one. -V QaYi.- Ava.s pre.sent in the 
recumbent, but absent iJi the seated, posture in one patient (Ca.se 45, Fig. 10) 
Avhom Ave have already discussed. A very small QaYi- Avas pre.sent in the seated 
po.Nture in one patient but absent in recumbency. The remaining .six patients 
.sliowed no Q wave in aYf taken in either posture. 

The subject Avith laisterior infarction (Ca.se 35) showed an abnormal Q 
wave in Leads III and uYk in both po.'^lurc.s, but significantly deeper in the 
recumbent, than in the seated, posture. It Ls thu.s evident that the presence of 
postural A'ariations in the deitth of Q, or QaYr should not in itself be con.slrued 
as evidence aganrst the jue.«>ence of an infarct. 


CO.AIAIKXT 

1. Tht Drrivution of Lead III . — The mechanism whereb.v the dcllcction 
is produced in Lea«l III is made clearer from an understanding of the derivation 
of that lead. The unipolar extremity leads are always tai«-n Avith the exploring 
eleetrode eonneeted to tiie positiw terminal of tin* gah'anometer and Avith an 
indifferent eleetrode of zero potential I'onneeled to the negative terminal. Tims 
a positive poleiitia! in tiie ext remit;, connedefl wifli the expJoritig elect J ode Is 
lecoisleti as ati Upright detloeiion. ,i negaliAv potential as a downward detieetlon. 
t>u the other liaiKi, the .staudaid iead.s aie bipolar leads, eaeii representing the 
fu,si<m of tile unipolar hsids, whieh eontrilmte e<juu!iy bnt in oppo.sile directions 
to ti'.e detketions of the gaivauumeter. Using Linthoven's eipiation. Lead HI ~ ^ 
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Flj,'. 11.— Abiumnal Q \sa\us ui Lt-ads HI and aVi- duo to inf.uclioii of tlio 

niatic u'^pect of the left %tntricle. 


posteilor dUiphiutj 


NORMAL Q3 ASSOCIATEO WITH SEMI-HORIZONTAL 
POSITION OF HEART DUE TO REFERENCE OF 
LEFT VENTRICULAR POTENTIALS TO LEFT ARM 



ilYERS AKD ORE\": USE OP AUGMENTED UNIPOLAR LEFT LEG LEAD 721 

Lead II - Lead I, Wilson, MacLeod, and Barker^® demonstrated that Leads I, 
II, arid III conld be calculated mathematically from known unipolar extremity 
potentials from the right arm, left arm, and left leg (Yi:, Vt,, and Yf, respec- 
tively). By transpo.sing- these values into Einthoven’s e(iuation, they showed 
that' Lead I must ecpial Yi, - Yj.; Lead II, Yf - Yr.; and I.ead III, Yf - 
Yl., Thus in taking Lead III, the left leg is eonneeted to the galvanometer in 
the same manner as in taking the unipolar left leg lead, whereas the left arm is 
connected in the opposite manner, i.e., to the negative instead of to the positive 
pole. Hence, Lead III is derived either by subtracting Yi, from Yf or by 
adding the mirror image of Yl to Yp. 

GoldbergerV^’ augmented unipolar extremity potentials may be used 
in these same ecpiations if the result is multiiilied by two-third.s, since the deflec- 
tions obtained when his indifferent electrode is used amount to one and one- 
half times the actual potentials in the extremities. 

Thus : 

Lead I = (aYn - aY„) x 2/3, 

Lead II == (aYp - aYu) x 2/3, 
and Lead III = (rYf - aYid x 2/3. 

2. The Derivation of Ga QaVp in Posterior Infarction. — YMson’s-' 
explanation of the origin of the Q wave in myocardial infarction is generally 
accepted and has been summarized in the introduction. Kossmann and de la 
Chapelle^^ have applied Y^ilsoirs concept to an explanation of the derivation 
of the Q wave in Leads II, III, and Yf in ca.ses of posterior infarction. Pig, 
11 represents this diagrammatically. 

Y^hen an exploring electrode is applied to an extremity and an indifferent 
electrode of zero potential is used, the galvanometer of the electrocardiograph 
records potential variations in the extremity. The potential variations in the 
left leg are governed principally by those at the epicarclial surface which 
customarily faces toward the left leg, namely, the epicardial surface of the 
postero-iiiferior (diaphragmatic) aspect of the left ventricle. AVhile this por- 
tion of the ventricle is being activated in the normal heart by the pa.ssage of an 
impulse from the endocardial to the epicardial surface, the latter surface, as well 
as the left leg, is electro positive, re.sulting in the registration of an R wave 
in Lead aYp- 

If the postero-inferior aspect of the left ventricle is completely infarcted, 
an impulse no longer pas.ses through this portion of the ventricular wall. Thus, 
the epicardial surface reflects the potential valuations of the cavitj' of the left 
ventricle. The ventricular cavity is electronegative while the impulse is passing 
from endoeai'diuni to epieardimu in the iminfarcted portions of its walls. This 
electronegativity is reflected through the infarcted diaphragmatic wall to the 
left leg and is registered as a Q wave in Lead aYp. 

Since Lead aYp is one of the two unipolai' leads composing the bipolar stand- 
ard Lead III, its Q wave contributes to the depth of Q.^. In addition, the im- 
opposed, upwardly directed impulses in the uninjured anterosuperior wall (Pig. 
11) of the left ventricle cause marked electropositivity at the epicardial surface 
directed toward the left arm,. which is recorded in the unipolar lead from that 
extremity as a tall R wave. Prom the arithmetical derivation of Lead III, this 
contributes even more depth to the Q deflection in that lead. 

3. The Derivation of in Semihorizonial or Horizontal Hearts. — Just as 
the unipolar lead of the left leg reflects the potential at the epicardial surface 
of that portion of the heart which faces toward the left leg, the unipolar left arm 
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inonarr emphysema, or an elongated, asthenic chest wall, is more often as.so- 
eiated uitli %-ertk-al position of the heart (Fig. 13, b). 

Leuis^’ stated that a Q detleetion was the first evidence of ventricular 
activation and represented tlie passage of an impulse through the ventricular 


3. EXPIRATORY POSITION OF HEART b. INSPIRATORY POSITION OF HEART 

ARROWS SHOW SUBSEQUENT ROTA- AFTER COMPLETION OF ROTA - 

TION 1 UPON HEART'S OWN TIONS DESCRIBED IN 3. 

longitudinal axis and 2 UPON 
ANTEROPOSTERIOR AXIS. 

Kis- 13-' — Cfuingos m position of heait with le.spii.ition or po'<tui('. 



i- l,t, 1 1--— XO! Ill ij 



tjs ami UJlV^ aSMu-liUil svith Vtnliio.il iifnitum of llii* In .irt dtn* to .»i tiviitioii 
of ttin icft V. fitritiil'ii* liilf of thf scptiiiii. 


septmn. .Mahaim*-* found that the fii-st oft'shoots from the left humlle branch 
into the leti half of the .septum occurred at a jxiint much neaier the bifurcation 
of the bundle of Ilk than the first offshook from the right butidle branch into 
the right, half !»f the .>5cpinm. From this he concluded that the atiterohasal 
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lead (aVr,) is governed cliie% by the potential at the epicardial surface which 
faces toward the left arm (Wilson, et al.‘^”> When the heart is in the horizontal 
or semihorizontal position, the lateral and apical portions of the left ventricle 
face toward the left arm (Pig. 12) ; impulses passing from endocardium to 
epieardium in this portion of the waU during the activation of the ventricle re- 
sult in electropositivity at the epicardial surface, which is represented as a tall 
E- wave in Lead aVi,. 

At the same time, the right ventricular surface of the horizontal or semi- 
horizontal heart has been rotated to face more toward the ’left leg. Lead aVii’ 
will resemble precordial Leads and V, if the right ventricular potentials are 
referred to the diaphragm (horizontal position), whereas it wiU be of veiy low 
voltage if a portion of the left as well as the right ventricle form the. diaphrag- 
matic surface of heart (semihorizontal position). Fig. 12 illustrates the pro- 
duction of a Q wave in the bipolar standard Lead III through the fusion of the 
unipolar leads from the left leg and left arm. Subtracting the tall left ven- 
tricular R wave of Lead aYi, from the small, upright or diphasic deflection 
of Lead aVp will account for the deep dovmward deflection in standard Lead 
III, which, in some cases, may be an S wave, but in others may be a Q or QS 
wave as deep as any found in posterior infarction. This is a not an infrequent 
occurrence in persons with normal hearts which are semihorizontal in the 
electrical position. If left ventricular hypertrophy is present, so produced 
may not only be deep, but also prolonged to 0.04 second or more. 

As might be expected, the Q wave of horizontal or semihorizontal hearts 
is found only in Lead III, but not in Lead II, which is composed of the left 
leg and right arm potentials. The tall R wave of the left arm lead, which is the 
source of Qg in hearts which are in this position, is not represented at ail in 
..Lead II. 

The six paired electrocardiograms in Figs. 3, 4, and 5 have already been men- 
tioned. We return to these curves to re-emphasize the similai'ity of the stand- 
ard leads in each pair. Hoivever, by reference to Lead aVp, a clear-cut 
differentiation may be made between patients with posterior infarction and 
normal subjects. 

4. The Derivation of Q.^ in Vertical Hearts . — In studying the effect on the 
electrocardiogram of positional changes in the dog’s heart. Meek and Wilson-^'* 
found that when the apex was moved to the right on an axis extending antero- 
postertorly through the body, cuiwes characteristic of right axis deviation were 
obtained. Similar curves were produced vdth rotation of the heart on its own 
longitudinal axis, so that the front of the heart was turned more to face the 
left. These two types of rotation are represented diagrammatieally in Fig. 13. 
Experimentally, in the dog, the rotation could be limited to one or the other of 
two axes, but combined rotation on both axes was foimd to occur when the heart 
was displaced to one side. 

An interesting study of rotation of the human heart -vvas done by Kountz, 
Prinzmetal, Pearson, and Koenig.^ By perfusion of the heart immediately after 
death, they were able to reactivate it and to obtain reasonably normal electro- 
cardiograms. Curves typical of right axis deviation were obtained when the 
heart was rotated clockwise on its own axis (Pig. 13, arrow 1), whereas the 
reverse was true upon counterclockwise rotation. Elevation of tlie diaphragm, 
whether due to deep expiration, recumbent posture, or obesity, may be associated 
with a horizontal or semihorizontal heart (Pig. 13, a). On the other hand, the 
lower position of the diaphragm due to deep inspiration, erect posture, pul- 
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QaVF, esophageal leads suggested that the infarct was located high on the 
posterior wall, near the auricular margin. The voltage of the QES wave in 
Lead aVp was low in two of the three uninfareted controls which showed a Q/E 
ratio exceeding 25 per cent in this lead. In the remaining case, the deep Q wave 
was present in Lead rYf when the patient was recumbent, but disappeared when 
the eui-ve was talcen with the patient in the erect posture. 

The mechanism of production of the Q wave in standard Lead III has been 
discussed separately for (a) that associated A\nth posterior myocardial infarc- 
tion, (b) that occurring in uninfareted hearts with a horizontal or semihorizontal 
electrical axis, and (c) that occurring in uninfai'ctcd hearts with a vertical 
electrical axis. 

CONCLUSIONS 

1. The contour of the QES complex in the augmented unipolar left leg lead 
(Lead aVp) is of considerable value in the differentiation of the normal from the 
abnormal Q wave in standard Lead III. 

2. The presence of a Q wave in Lead aVp which is more than 25 per cent 
of the voltage of the E ivave in the same lead constitutes strong but not ab- 
solutely pathognomonic evidence for the existence of a posterior myocardial 
infarct. 

3. The absence of a QaVp or the presence of an insignificant deflection which 
is less than 25 per cent of the subsequent E wave constitutes strong but not 
absolutely conclusive evidence against the presence of a posterior myocardial 
infarct. 


We ^v’isll to c.vprcss our appreciation of the work of Miss Evelyn Erickson, Miss 
Geraldino Che.«uoy, and Mr. Clayton Oliver in preparing tlio illustrations. 
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aspect of the left side of the iiiterventrieiilar septiinrwas the first portion of the 
ventricle to he activated, and it gave rise to the very beginning of the QRS 
deflection. 

Septal activation not only is initiated on the left side, but also preponderates 
on that side due to the fact that the left ventricular portion of the septum is 
thicker than the right. Thus, the resultant electrical vector can be represented 
by an arrow (Fig. 14) passing from the left ventricular cavity toward the 
right. 

In the vertical position (Fig. 13, h) combined rotation of the heart upon 
an anteropo.sterior axis extending through the body (Fig. 13, a; arrow 1) and 
upon its own longitudinal axis (Fig. 13, a; arrow 2) causes the right ventricle 
to lie anterosuperiorly and the left, postero-inferiorly. Fig. 14 is a diagram of 
an oblique section through such a vertical heart, to show the relation of the 
septum to the ventricular cavities. The arrow in Fig. 14 represents the vector 
associated with activation of the septum. Since the right ventricle lies above 
and in front of the left in the vertical heart, this aiTow must be directed upward, 
giving rise to a Q wave hi Lead aVp which is carried over into standard Leads 


11 and III. 


The septal Q wave is of very brief duration, since the electrical changes in 
the rest of the myocardial wall rapidly take ascendency. Tliis septal Q wave 
is followed by a relatively tall R wave due to activation of that portion of the 
left ventricle which lies opposite the septum. 'When the heart is vertically 
placed, the major portion of the left ventricle is directed toward the diaphragm, 
giving rise to the tall R in Leads aVp, II, and III, which follows the relatively 
small septal Q Avave. The Q/R ratio is well below the limit of 25 per cent. 


SUAIMARY 

An attempt was made to evaluate the diagnostic significance of the QRS 
pattern in the augmented, unipolar left leg lead (Lead aYp) as a means of 
establishing or excluding the diagnosis of posterior infarction. Forty-nine 
patients Avere selected for study because of the pi’esence of a prominent Q AAmve 
in standard Lead III. One additional patient Avith posterior infarction Avas in- 
cluded. This patient did not haA’^e Q Avaves but exhibited the cla.ssical ST-T aagivc 
changes in Lead III. 

Multiple preeordial and unipolar extremity leads AA’ere taken on cA'ery sub- 
ject and esophageal leads AA’^ere taken on forty -four of the fifty subjects. The 
presence of a posterior infarct Avas established in a total of tAA'-enty-five subjects, 
in four of these by autopsy, and in the remaining tA\^enty-one by t.ypieal eso- 
phageal leads. The infarct Avas months or years old in all but four eases. Pos- 
terior infarction Avas excluded in a total of tAventy-five subjects, in three by 
autopsy and in the remaining tw^enty-tAvo by negative esophageal leads. 

In all cases Avhere posterior infarction AA^as excluded, a prominent Q., or 
QS 3 Avas present. This amounted to 25 per cent or more of the tallest R in 
tAA^enty-three of the tAventy-five cases; from an examination of the standard 
leads alone, many of these eases could not be distinguished from eases proA-ed 
to have old posterior infarction. Tlie pattern of the QRS in Lead aYp proved 
to be of considerable help in this differentiation. 

A QaYi.^ Avdiich A\'as 25 per cent or more of RaYp Avas found in lAA^enty-tAAm 
of the tAA^enty-five .subjects proved to have posterior infarct, and in only three 
of the tAventy-five subjects in Avhbm the diagnosis of posterior infarction had been 
excluded. In both cases of posterior infarct Avhich had a Q 3 but failed to shoAv 



DELATED CONDUCTION IN THE BUNDLE BRANCHES 

A Rei^ort of Two Cases es' Which the P-R Interval In'creased With 
Changes Fro.m Left' to Right Bundle Branch Block 

WlLLIAAI DreSSLEE, M.D, 

New York, N. Y. 

T ile oeeuiTenee of incomplete or partial* bundle bvaueli block lias been 
postiikited on theoretical grounds^ in analogy to the disturbances of con- 
duetion which result from lesions of the main stem of the bundle of Bis. In 
animal experiments various kinds of partial block in the bundle branches have 
been produced.^'* The clinical diagnosis of incomplete bundle Iiranch block, 
however, meets with considerable difficulties. This is in part due to the fact 
that the transmission of impulses in the bundle branches is included in the 
auriculoventrieular conduction time. Therefore, a disturbance of conduction 
which involves equally both bundle branches produces electrocardiographic 
changes indistinguishable fi’om those caused by lesions of the main stem of 
the bundle. Interruption of conduction in both bundle branches brings on 
complete auriculoventrieular dissociation. Or, if there is an equal delay of 
conduction in both bundle branches, it is added to the auriculoventrieular con- 
duction time causing prolongation of the P-R interval. If, on the other hand, 
the delay of conduction is unequal in the two branches or affects one bundle 
branch only, asynchronous activation of the ventricles results, causing widen- 
ing of QRS. In those cases where the delay of conduction in one bundle 
branch is longer than the time required for the excitation transmitted through 
the other branch to reach the affected ventricle by way of the interventricular 
septum, the resulting widening and deformation of QRS is the same as that 
caiLsed by complete bundle In-anch liloek.'* In the dog. for instance, a delay 
of conduction in one bundle branch inea.suring 0.04 second or more cannot Ijc 
differentiated in the electrocardiogram from complete interruption of con- 
duction produced by cutting the bundle branch. If the delay of conduction 
is less than 0.04 second aberrations of the ventricular complexes of variable 
degree are observed similar to those Avhich result from combining the levo- 
cardiogram and the dextrocardiogram in variable time relations.^ 

It is, therefore, understandable that the clinical diagno.sis of incomplete 
bundle branch block is based more often on conjecture than on unquestionable 
evidence. It has been suggested that bundle branch block which is hut tem- 
liorary is due to delay rather than interruption of conduction.' Also, tin* 0 ('- 
currence, both in the experimental aniinaP*'' and clinically,®’ of gradual 
tran.sitiou of aberrant veutrieidar complexes which are cliaracteristic of 
bundle branch block into normal cumple.xes, has been explained by gradual 
iuci-eu.‘'e in the coiiduelive capacity of a bundle branch in the presence oi 
im-imiplcte bundle branch block. Precurdial Icad.s occasionally reveal rigid 
bundle branch block, although the duration of (^RS i.s m»t more than 0,1 
-sceoini. Such disturbance ha.s been interpreted as due to incomplete bundle 
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in the right bundle division. Bight and left bundle branch complexes alternated la the 
gjiiae tracing (Fig. 21 without showing any constant relation to the variable length of the 
ainua period. The most striking feature t\a3 a prolongation of the P-K inters al nhieh 
accompanied every change from left to right bundle branch block. Tho.se complexe.s pre- 
senting the features of left bundle branch block had a P-K interval of 0.18 second, whereas 
the beats with the characteristics of right bundle branch block showed a PK interval 
iuea.suring, on the average, 0.23 second. 



Fig. 2. — Case 1. The .«a»ie two t>pes of vcntncular complexes are noted as in Fig. 1, 
but they alteinate in irregular intervals. Most of the beats belong to the type which j.s 
churacten/td by upward QRS in Lead I. sugge.stlve of left bundle blanch block. Their P-R 
interval is 0.18 si cond. The .second type is seen m Leads U and III only: it is charactori.{cd 
by deep Q waves and high R waves, suggestive of right bundle bianch block. Thu P-R 
interval of tlit-«e beats is 0.23 second. (Time intervals equuJ 0.05 second.) 



Fig. 3. — Ca.-e Two types of ventricular complexes are noted. In both the duntlon 

ttf QKS n 0.1 s .)< cond. One type (.1) show.s a prominent bro id S wave in Lc-id I, suggesttve 
of rl.,!it bundif bninch block In L* ad CIO, the QltS complex is imrighc and billd; in L*.ad 
CF» a prominent bri/.ul S wave l-. noted. 

Tnicin : U pre.>enls the uUier t>pe of vintrlcuLir beats which Is < naracteriss< d by upriglR 
ORij compi* X- s m the limb bade In CFi Uiete is a bro id QS wave; In Lea-i 

tS.c QRB compltx 1’ upiight, bro ill. and notched. These- are the ft iturei of Uft bun<Jl> 
br iiieh block. 


C.vrtii 2. — SLY., a white- man, ageni 51 >car.-,, had aiwav-, been well and fmd never 
c implauivti of hi-i hv.irt. Four wetks prior to utlniia'uon to the hurjiital h<> suffered .-lyncoite 
wluth l.>r<ici for a few minutts. ainular attack oc-airn d a wv'k inter. A day prior lo 
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braiicli blockJ Furthermore, cases are ou record iu which normal ventricular 
complexes alternate regularly with grossly aberrant forms suggesting the, 
presence of partial bundle branch block with a conduction ratio of 2:1, 3 :1, 
or 1 :1.®’ These observations present the most obvious instances of paidial 
block in the bundle branches. Far more difficult, for reasons which have been 
discussed, is the diagnosis of a simple delay of intraventricular conduction in 
one bundle branch. Such disturbances may be disguised as complete bundle 
branch block,® if the other bundle branch has preserved its conductive capacity; 
or as prolonged auriculoventrieular conduction time, if the second bundle branch 
fails to conduct properly. In the experimental animal it is possible by cutting 
one bundle branch and injuring the other to produce, in addition to aberrant 
ventricular complexes characteristic of block of the severed bundle branch, either 
prolongation of the P-R interval or dropped ventricular beats. Conditions as 
favorable for the analysis of intraventricular conduction disturbances are rarely 
met in clinical instances. We have observed two cases in which alternation of 
right and left bundle branch block provides what seems to be stringent evidence 
of delayed conduction in a bundle branch. These cases are the object of this 
report. 



Fig 1. — Case 1. Two tyjjes of ventricular complexes are noted ; in both the duration 
of QRS is 0.12 to 0.13 second. One type (A) shows an upward directed main deflection in 
Lead I, suggestive of left bundle brancli block. Its P-R interval is 0.17 second. The other 
type (B) presents a downward directed main deflection in Lead I, indicative of riglit bundle 
branch block. Its P-R interval is 0.23 second. (Time intervals equal 0.05 second.) 

CASE REPORTS 

CxVSE 1. — Iv. W., a wMte woman, aged Td years, had suft'ered an attack of protracted 
severe pain across the chest six weeks prior to examination. The pain was associated with 
cold sweat. Since then, when walking, the patient had experienced pressure in the chest 
which forced her to stop for a while. Physical e.xamination revealed a blood pressure of 
130/60 mm. of mercury. A broad, heaving apical thrust wa.^^ noted; this pointed, in the 
absence of signiticant murmurs, to previous hypertension. Fluoro.scopy siiowed distinct 
enlargement of the heart to the left and deposits of lime sail in the aorta. 

The electrocardiogram (Fig. 1) revealed sinus urrliythmia with an average rate of* 
SS per minute. Two types of ventricular beats were noted; both had deformed c()aiple.xe.<, 
and the duration of QRS measured about 0.13 second. One type showed upright initial de.- 
ilections iu Lead I (Fig. 1, A) suggesting the presence of left bundle branch block. The 
otiier tj pe presented a downward directed QRS in Lead I (Fig. 1, 2)^ pointing to a lesion 
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(ieluy the stimulus transmitted by the right bundle branch is able to reach tlm 
left ventricle and to activate both chambers, llie resulting ventricular com- 
plexes show the features cliaraeteristic of complete left buiulle branch block. 
At times, however, when the right bundle branch fails to tran.-^mit the excita- 
tion ill due time (becau.se of either interruption or marked delay of its con- 
duction), the left division of the bundle activates not only the left but also 
the right ventricle. Its conduction delay is then added to the A-V conduction 
time, and the ventricular complexes which present the features of right bundle 
branch block have a P-R interval which is prolonged by 0.05 second. 

It is conceivable that the occasional occurrence of dropped ventricular 
beats in Case 2 was due to further impairment of the conduction in the bundle 
branches. Similar conduction dhsturbanees have been produced in the experi- 
mental animal by cutting one bundle branch and exerting pressure on the 
other branch.'’’ ‘ ITowever. the available evidence in our case docs not allow 
us to decide whether the periods of ventricular .standstill were caused by the 
lesions in the bundle hrauehes or by a concomitant obstruction in the path of 
the main stem of the bundle of TTLs. 


The occuri’euee of bilateral bundle branch block has been occasionally re- 
corded in clinical instances.^-’ In fact, it miirht be expected even more fre- 
([uently than is suggested by the few cases on record, for anatomic .studies 
have shown tliat what is usually diagno.se<l as unilateral bundle branch block 
is commonly associated with bilateral le.sions.’^ One of the eases reported in 
the literature'* bore .striking resemblance to our Case 2 hut was given a dif- 
ferent interpretation. 




Two ca.ses are reported which, in the electrocardiogram, presented aher- 
1 ‘ations of the ventricular comi)lexe.s of tivo types, sugge.stive of alternation of 
right and left bundle braiicli block. Changes from left to right bundle hrancli 
block were invariably accompanied by prolongation of the P-R intej’val ; the 
increase mea.sured 0.05 second or more. This fact suggested that what firsl 
appeared to be complete left bundle branch block was actually a delay of 
conduction in the left division of the bundle measuring 0.05 .second. The delay 
in the left bi’aneh allowed the excitation, pa.sscd by the right bundle branch, 
to reach the left ventricle and to activate both chambers. At times, however, 
when the conduetion in the right bundle branch failed, the left branch of the 
bundle took over the task of activating not only the left but also the right 
chamber. The delay of its conduetion was then added to the A-V conduction 
time, causing a prolongation of the P-R interval by 0.05 second. 
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admission the patient experienced a number of dizzy spells. On the day of admission he 
had several attachs of syncope with convulsions. Physical examination revealed distant 
heart sounds and bradycardia with arrhythmia; the cardiac rate varied from 3S to 60 beats 
per minute. 

Various electrocardiograms were taken which revealed the presence of partial A-V 
block with dropped beats. Two types of ventricular complexes were observed (Pig- 3). 
One (A) presented the features of right bundle branch block; the other (B) showed the 
characteristics of left bimdle branch block. 

In an electrocardiogram that was taken on March 31, 1944, both types of ventricular 
beats were present (Pig. 4). The tracing showed a regular sinus rhythm with a rate of 
75 per minute. The P waves, witli few exceptions, were followed by rmutricular beats 
which, apparently, were conducted from the auricles. The beats which were suggestive of 
left bundle branch block presented upright QES deflections in all leads. The other type, 
suggestive of right bundle branch block, showed prominent broad S waves in Lead I and 
deep Q waves and high B wmves in Leads II and III. The two types of ventricular com- 
plexes alternated in varying intervals, and the changes from left to right bundle branch 
block were invariably accompanied by a prolongation of the P-E interval. Those beats 
indicative of left bundle branch block had a P-E interval of 0.16 second, while the other 
complexes which displayed the features of right bundle branch block were preceded by 
P waves in an interval of 0.21 second. The latter complexes were occasionally followed 
by auricular waves which were not conducted to the ventricle (Fig. 4, Lead I). 



Pig. 4. — Case 2. There is a fairly regular sinus rhythm %vith two types of ventricular 
complexes similar to those seen in Fig. 3. In both the duration of QRS is 0.16 second. One 
type is characterized by an upward directed QRS in all leads suggestive of left bundle branch 
bloclr. Its P-R interval is 0.16 second. Another tj'pe of beats presents deep wide S waves 
in Lead I, and marked Q waves and high R waves in Leads II and HI. These beats seem 
to indicate right bundle branch block. Their P-R interval is 0.21 second. Most of the 
auricular waves are followed by ventricular complexes. Only in Lead 1 some of the ventricu- 
lar complexes which present deep S deflections arc followed bv blocked P wave.s. (Two strips 
of a continuous tracing are shown in Lead I.) 


COMMENT 

The two cases reported here present in the eieetroeardiogram changes 
ivhieh suggest lesions in both bundle branches. Left and right bundle branch 
block complexes alternate in irregular setiuenee, but elianges from left to right 
bundle branch block are invariably accoinjianied by prolongation of the P-R 
interval; the increase was at least 0.05 second. This feature affords a clue for 
the analysis of the conduction disturbance in the left bundle branch. It sug- 
gests that the left division of the bundle requires 0.05 second more tlian the 
right bundle branch to pass the stimulus to the ventricle. Because of this 
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uuipolai- limb leads/" as obtained on patients with various forms of em-diae 
disease and on control subjects. On every individual .selected for that study, 
electrocardiograms are secured which include Leads I, II, III, and IVF, the CF. 
CL, OK, and V tj-pes of leads from preeordial positions 1 to 6, inclusive, and the 
V type of unipolar limb leads. For recording these electrocardiograms, a 
standard electrocardiograph,* supplemented by a •'Wilson central terminal,’’"* 
was initially employed. However, to secure the reciuired series of leads with 
such equipment, it is necessary to effect in every case numerous interchanges 
in the lead-wires attached to the electrodes on the i)atieut. These manipulations 
of the wiring arrangements proved tedious and complicated, and recording the 
required electrocardiograms with such equipment was an inconvenient and time- 
consimiing procedure. Therefore, the switching device herein described was 
developed in order to simplify and facilitate the recording technique for the 
previously mentioned study. 

This switch, when employed either for investigative or for ordinary clinical 
purposes, has been found extremely convenient for the recording of electro- 
cardiograms embodying multiple types of leads. Since it is believed that the 
practical advantages of this simijle device should be made more Avidely available, 
publication of directions for its construction and use seems warranted. 

M.VTEKIALS FOR COK.S'i’RL'CTIOX 

Tlio materials neeiled for the construction of tliis .switciiiug device can he obtained 
without pnrtieular difficulty, e\en in these days of priorities, at legiilar store.s dealing in 
standard electrical and radio parts and supplies. The total co.-t of the completed switch, 
uhen no labor charges for assembling are included, is approximately iilO. The individual items 
required for the construction arc: 

A. Four “radio-type” rotary switch sections, each providing eight distributed snitch 
po.sitions and one common contact pole.t 

B. One snitch kit, for assembling the individual snitch sections into the switch-support- 
ing chassis, t 

C. One switch bar-knob. 

J). Ono 12-foot length of “four-nay,” rubber-insulated, shielded microphone cable, 
containing four rubber-insulated, 20-straud wires. 

E. Four 1-foot lengths of pliable, rubber-insulated, 2(i-strand niro for constructing the 
lead-wires going to the electrodes ou the patient. 

F. Ouo -1-nay coupling connection, for insertion betneeu the 4-niro micropbone cable 
and the four lead-nires. This may be improvised on any suitable basis. 

G. Four “nidio-typo” terminal plugs (or alligator clips, if prefened) for attaching 
iho individual lead-wires to the elect i odes on the patient. These must be suitably marked 
for ready identification; tus illustrated, one stripe, tno stripe.-', three stripes, and four stripc.s 
identify, respectively, the terminal plug used for attaching the proper Icad-nire to the right- 
arm, the left-arm, the left-leg, and tho precordial (exploring) electrode. 

H. Three o.OOO-ohni, l-watt resi.stors. 

I. Three terminal binding po-ts (banana jacks) for attacliment to the outside of the 
--nitch box. 

J. One snitch housing, for mounting and enclosing the eomposito wwich. (.V stamlard 
notxlen tiling box, as u-ed for g by 5 inch inde.x card.s will serve satisfactorily fur this 
purpose.) 

K. Tnelve marking tack-, h imh in diameter, with celluloid covered, lialtciicd heads, 
Thtsc are ust-1 to identify the three termiiiai binding po-ts located on the outside of the 
switch ho.x and the contact point-> about tlie switch bar-knob constituting the iiidividu.al 
stations of the had-'-eli.-tor, and c.-tn be properly marked for that purpose with India ink, 

Ij. Out) 20- foot length of rubber-in-'Ulatetl, gij-strand wire, titled with suihible contact 
points or clip-, for u-e in grounding tho switching device to an out.-ide ground connection. 

in u.uf »et,ir<.>l be sli- C iriibrnig- insinniunt Comiwili. Ine. 

tVor till-? J urjAi-. we iuv,- ii-viS Tjpe t?. 1 ^^lle 11 Po-itioii isicatitc svsilch 'wtS'ins. ami 
tie- owitchUil Index -V, 'KJ_’3. ' biUli ni.itturar tur, tl b> CtiittalaO, .MUwauU* e. Wist-m dn. 
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A SIMPLE SWITCHING DEVICE TO FACILITATE THE RECORDING. 
OP ELECTRO GiLRDIOGRAJMS EMBODYING MULTIPLE 

TYPES OP LEADS 

Clayton B. Ethridge, M.D.,’"‘ and Myek H. Stolab, jM.D. 

Washington, D. C, 

S INCE. 1932,^’ - precordial types of leads have been vddely used and accepted 
in electrocardiography as of definite value to complement the three limb 
leads of Einthoven for practical clinical purposes. During this interval, how- 
ever, a considerable diversity of opinion has developed eoncerning the ‘'best” 
location for the distant electrode and the number of chest positions that must 
be explored®"'’ in order to derive from precordial leads, as conveniently as pos- 
sible under ordinary clinical cireumstanees, the most reliable and trul}’’ practical 
information they afford. Additional leads of special types®'® have also been in- 
troduced to eompleineiit or to substitute for the three limb leads for clinical pur- 
poses, but these special leads have not yet been extensively explored as regards 
their practical merits or reliability. It happens, therefore, that various combina- 
tions of the three limb leads udth different types and numbers of precordial 
leads, and sometimes iMth other special leads, are now being employed routinely 
or otherwise in clinical electrocardiography, and that controversy and uncer- 
tauity exist regarding the relative virtues of these various combinations. Be- 
cause of these developments, it now seems evident that many additional experi- 
mental and clinical studies wiU need to be contributed on the problem of electro- 
cardiograms embodying multiple tj^ies of leads, before any satisfactory standard- 
ization of their techniques and interpretations for practical clinical use can be 
finally accomplished. Moreover, in consideration of the more practical aspects 
of this problem, it seems important that attention be given to the development 
of simplified methods whereby electrocardiograms embodying multiple tjqies 
of leads can be recorded with convenience under ordinary clinical eireiimstances. 

In a study now bemg conducted, one of us^ is attempting to find the direct 
comparative evaluation of electrocardiographic records which combine the three 
limb leads with different types and numbers of precordial leads,®'® and with 
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on cacli .'iwiteli section is identified as Point X. From the clearly marked 
terminal plugs, which serve for attaching the lead-wires to the electrodes on the 
patient, the four Icad-wdres pass by way of the four-wire microphone cable into 
the switch box, and are distributed as follows: The wire from the right-arm 
teriiiinal plug goes to Points 1 and 2 on Switch B, thence to Point 6' on Switch 



(SET TO LEAD I ) 


FIGURE 2. DIAGRAMMATIC DETAIL OF SWITCH CONSTRUCTION 


SWITCH A 


SWITCH B 


SWITCH C 


SWITCH D 


RIGHT ARM LEFT ARM LEFT LEG PRECORDIAL 
ELECTRODE ELECTRODE ELECTRODE ELECTRODE 



LEADS 

OFF 

LEAD 

LEAD 

LEAD 

LEAD 

LEAD 

LEAD 

V 
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2 

3 

OF 

CL 

CR 

LEAD 


FIGURE 3. WIRING DIAGRAM 

6', and finally thiuUifh a ini'.ior of a.UOO ohms to Point 7 on Switch IJ; the wiie 
from tha laft-.um taiminal eot-i to Point i on Switch J, iJience to Points 3 
and J on Switch B, and iin.iily through a icsisfor of .7,000 ohms to Point 7 on 
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il. Four metal angle brackets, 1 by by inch, or other suitable means for fastening 
the switch box to the frame of the electrocardiograph or to the supporting table. 

DETAILS OF CONSTRUCTION .tND USE 

The composite switch, mounted in a wooden box to protect the switch as- 
sembly and wiring, is shown in Fig. 1. This figure illustrates in perspective 
the clearly marked terminal plugs for attaching the lead-wdres to the electrodes 
on the patient, the coupling connection used to convert the four lead-ivires into 
the lead cable, the thi*ee terminal binding posts on the outside of the switch box 
(G^-, G-, and GNjD), and the lead-selector consisting of the sivitch bar-knob and 
labelled stations. The switch bar-knob is located on the top face of the switch 
box and is encircled by markers located at the individual points of switch con- 
tact. These markers are clearly labelled OFF, 1. 2, 3, OF, GL, CR, and V, 
respectively, in a cloclcwise manner and in this sequence, to form the individual 
stations of the lead-selector. 


RIGHT ARM 
LEFT ARM 
LEFT LEG 
PRECORDIAL 




FIGURE I. THE COMPOSITE SV/ITCH 

Fig. 2 is a diagrammatic representation of the assembled switch. The foui- 
switch sections are mounted in tandem on the same axis and are embodied in the 
s^vitch assembly framework (latter not shovm). The svitch bar-knob is indi- 
cated mounted on the svdtch axis. The individual switch sections and the switch 
bar-lmob are shoivn as widely separated in Fig. 2 in order that points of 
identification may be more clearly illustrated, but, in the actual construction, 
these units are mounted quite close together (not more than inch apart), 
thereby reduemg the overall size of the assembled switch. Also incorporated 
in tliis figure is a schematic representation of the wiring arrangements necessary 
to secure the proper circuit connections for Leads I, II, and III, and the OF, 
CL, OR, and V types of leads, respectively, with the use of this switch. 

A complete wiring diagram for the switch herein described is showui in 
Pig. 3. In the text and in Pigs. 2 and 3, in order to clarity the wiling descrip- 
tion, the foul- individual switch sections are identified as Switches A, B, G, and 
jD, respectively; the eight distributed points on each of the switch sections are 
identified, in a eloclvwise manner as seen from the top of the composite switch, 
as Pomts 0, 1, 2, 3, 4, 5, d, and 7, respectively; and the common contact pole 
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recording? anr or Jill tjiics of tins particular series of leads eau be derived simply 
by rotatiug the lead-selector of the s\vitcli to the indicated stations, without tlio 
necessity for interehajiging any of the lead-%\dres attached to the electrodes on 
the patient. In actual use, the device has proved higlily satisfactoiy for the 
purposes for which it was developed. This switch, or modified vei-sions thereof, 
has also been found to provide a considei’able measure of convenience when 
employed in practical clinical electrocardiography. Combinations of Leads I, 
II, and III with V leads from the six recognized preeordial positions are readily 
recorded with its use, and the Y type of unipolar limb leads are easily added 
to this series when desired. ^Moreover, this device may be regiuded as a proto- 
type, and other similar switches may be devised from it, whereby any combina- 
tion of different types of leads likely to be desired for clinical or investigative 
pui-poses can be recorded with facility. Thus, the switch can be modified so 
that a combination of the three limb leads, the V type of multiple preeordial 
leads, and the Goldberger type of augmented unipolar limb leads,' may be 
conveniently obtained, if such a series of leads be desired. 

In publishing directions for the constniction and uso of this switching 
device, we are motivated by a desire to render presently available standard 
electrocardiographic equipment, of any design, suitable for the convenient 
recording of electrocardiograms embodying multiple types of leads, in order to 
promote the more general utilization and study of such multiple lead electro- 
cardiograms. It is hoped that, in this way, a solution to the present problem of 
the most useful combination of multiple tjqpes of leads for ordinary piiri)oses 
in practical clinical electrocardiography will be facilitated. No claim is made 
that the design of this device embodies other than well-known electrical prin- 
ciples of switch construction. 

SUMM.VRY 

A switching device is described which can be constructed easily from readily 
obtainable materials and which, when properly inteiq^osed in the circuit be- 
tween the patient and any standard electrocardiograph, permits the rapitl and 
convenient recording of electrocardiograms embodying multiple types of leads, 
without the necessity for interchanging any of the lead-wires attached to the 
electrodes on the patient. Expei'ience with this device has shown tliat it may 
bo used witli ecjual serviceability for investigative studies in electrocardiography 
or for ordinary clinical purposes. 
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Switch, C; the wre from, the left-leg teiminal ping goes to Points 2 and 3 on 
Switch A, thence to Point 4 on Sivitch B, and finally through a resistor of 5,000 
ohms to Point 7 on Switch B; the mre from the precordial (or exploring) 
terminal plug goes to Points 4, 5, 6, and 7 on Smtch A. No wires are attached 
to the points labelled 0 on the s^dtch sections, since these points constitute, in 
the composite switch, the OFF station of the lead-selector. 

Prom the common contact pole (Point X) of Switch A a wire goes to the 
terminal binding post located on the outside of the switch box which is labelled 
G+. The common contact iioles (Points X) of Switches B, C, and D are ^vired 
together, and the wire from these poles goes to the terminal binding post located 
on the outside of the switch box which is labelled G-. The switch assembly 
fi-ameworlc and the sheathing of the four-wire microphone cable are connected, 
by ^vh■es vnthin the switch housing, to the terminal binding post, GND, located 
on the outside of the switch box. When the swdtching device is in actual use, 
a gTOimd vdre is extended from this binding post to a suitable outside ground 
connection. All pennauent wiring connections vdthin the switch housing are 
soldered to insure good contacts. 

The switching device, as described, is so constnicted and wired that proper 
polarity of the galvanometer, according to convention,®- results for each lead 
indicated on the s^^’itch lead-selector when the device is correctly interposed in 
the circuit between the patient and a standard electrocardiograph. For this 
purpose, the lead-vdres from the switching device are connected to the proper 
electrodes on the patient; the left-aim” wire from the electrocardiograph is 
attached to the switch binding post, (?-f; the “right-arm” mre from the electro- 
cardiograph is attached to the switch binding post, 6?-; and the lead-selector 
of the electrocardiograph itself is eonstantlj’- set as ordinarily used for taking 
Lead I. Once these comieetions and adjustments have been made, each desired 
tjTie of lead is recorded after selecting the correct station on the lead-selector 
of the switching device. The further operation of the electroeardiogi*aph then 
proceeds in the ordinary manner. For recording the different tj^pes of multiple 
precofdial leads, each desired tj^ie of lead is chosen on the switch lead-selector, 
and the exploring electrode is moved manually in succession to the correct 
precordial position.®- ^ For recording the unipolar limb leads of Wilson and 
his co-workers,® the lead-selector of the switching device is set to Station V, and 
the exploring electrode is moved manually to some point on the right arm, left 
arm, and left leg, to yield Leads VR, VL, and VF, respectively. 

The composite switch, constructed as described and enclosed in a protective 
housing or box, may be utilized as a completely portable device, or it may be 
fastened to the frame of the electrocardiograph or to the supporting table, by 
means of angle brackets, etc. With suitable modifications in construction, the 
switch proper may indeed be incorporated into the electrocardiograph itself. 
It is important that the arrangement provide the greatest measure of convenience 
in actual use, since that is tlie essential purpose which the switching device is 
designed to serve. 

co:mment 

The switcliing device described in this paper was developed in order to 
record with convenience, for investigative purposes, individual electrocardio- 
grams which embody Leads I, II, III, and IXF, the CF, CL, OR, and Y types of 
leads from preeordial positions 1 to 6, inclusive, and the Y type of unipolar 
limb leads. With this device properly interposed in the circuit between the 
patient and any standard electrocardiograph, the correct wiring connections for 
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A-cItofi aoduk.', thickness of smootli muscle, tibrinoid dcgeueration, mural thrombosis, and 
i.ili iSic deposit; subeudooardium — thickncas, vascularity, cellular exudate, aud AsciiotV nodules. 

The thickness of the endocardium proper, the subendocardium, and the smooth muscle 
in the outer third of endocardium was determined by means of an ocular nucroinetor cali- 
brated against a stage micrometer. Each reading was made at the thickest portion of each 
lai’cr. "iVith few exceptions the borders were well deiined. The outer boundarj"* of the 
subendocardium tv as its junction with the auricular myocardium, but adipose tissue inter- 
posed between the subendocardium and the myocardium wms not included. The measure- 
ment oi smooth muscle was taken in a region where the cells were compact. 

The degree of vascularity of the subendocardium was estimated by counting all tho 
\essels in this layer. 

THE XORAI.VL LEFT ATRIUM 

The term endocardium is commonly used to denote the entire inner fibro- 
museular elastic layer of the left atrium, extending domi to the auricular myo- 
cardium. However, for descriptive purposes this layer may be subdivided 
into two parts, i.e., the endocardium proper and the subendocardium. The 
foiTuer is conveniently subdivided further into three equal zones, an inner, 
middle, and outer third.^ The inner third often shotv’s superficial regions in 
which the elastica is sparse or absent. The outer third usually contains com- 
pact groups of smooth muscle cells arranged parallel to the elastic lamellae. 
Occasionally, small transverse or longitudinal bands of smooth muscle appear 
in the middle or inner thirds. The subendoeardinm lies immediately external 
to the endocardium proper and consists mainly of coarse bundles of collagen ; 
its outermost part is often loose and fibrillar aud merges with the stvoma of 
the adjacent myocardium. Sometimes, in adults, it is separated from the mus- 
cle by small amounts of fat. The endocardium proper is avascular and shows 
no cellular exudate. The subendocardium usually contains a small number of 
capillaries and may reveal a few focal collections of lymphocytes, 

DESCRIPTION OF RUEU3UTIC LESIONS 

"Widening of the endocardium proper and the subendocardium results from 
inflanimatoi'y lesions such as cellular exudate, increased vaseularitj', and fibrosis. 
The increase in thickness of smooth muscle in the outer portion of endocardium 
proper is presumably due mainly to hjqiertrophy. The enlarged muscle cells 
contain vesicular nuclei which often show variation in polarity. 

The subendothelial plaque, referred to by Gross'^ as endocardial redupli- 
cation, is a papillary mass, essentially fibrous, formed by proliferation of con- 
nectii'e tissue in tlie innermost part of the endocardium. A distinction was 
made between the tyTiical rheumatic plaque of papillary type and the slightly 
elevated or fiat hyaline plaque of more or less uniform width. The latter wa.s 
excluded since many normal hearts show tliis change owing to loss of .super- 
ficial elastica. 

As observed in this study, there are two main types of subendothelial 
plaque, the hyaline and the myxomatous or mucoid. The former usually con- 
si'jts of a compact, spar.sely cellular mass of collagen or is composed of coarse, 
lousifiy arranged bundles of collagen. The myxomatous plaque has a delicate 
libnllar matrix containing cells of oval, spindle, or stellate form. 

In any variety of rlieumutic jdaque, elastic tissue may be absent or prc.sent 
in slight to considerable amount. The inner margin is sometimes covered by 
a coar.se, eiaatie baud. Although generally composed of only one layer of 
connective tissue, thei’e are plaques of .su-called multiple variety' which eousiat 
of two or more tiistinet layer.-, separated by an ela.sfic membrane. 

* uvrii it?.-.! a location lovvard the 

J u*i«raiV‘ Ate toward .iUtfttC** 
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liGCROSCOPIC LESIONS OP THE LEFT ATEIAL ENDOCAEDITOI 
IN CHEONIC EHEIB'IATIO HEAET DISEASE 

Semon Koletsky, M.D. 

Cleveland, Ohio 

E ndocarditis of the left atrium is a frequent and possibly constant lesion 
in acute rheumatic heart disease. The site of predilection is the posterior 
wall of the atrium, a short distauce above the posterior mitral leaflet. Crossly, 
the endocardium is thickened, and its surface is opaque, rough, nodular, and 
the seat of numerous irregular ridges. Microscopically, there is usually diffuse 
change consisting of enlargement and hyperplasia of connective tissue cells, 
edema, degeneration of collagen, cellular exudate, and, in some instances, 
Aschoff nodules. 

Most previous reports have been concerned mainly with the lesions of 
acute rheumatic endocarditis.^'’^ This study deals with the chronic or healed 
phase of the disease. The principal purpose was to determine what micro- 
scopic changes in these later lesions can be regarded as positive stigmas of 
rheumatic inflammation. 


materials methods 

Sections of the left atrium were obtained from one hundred nonrheumatic and one 
hundred rheumatic hearts. The rheumatic hearts were the seat of chronic or healed disease 
and showed no active gross lesions, i.e., verrucous endocarditis or fibrinous pericarditis. 
Seventy-five had mitral stenosis, and twenty-five had nondeforining mitral valvulitis. The 
latter consisted of thickening, opacity, and often vascularity of the valve leaflets without 
fusion or shortening-, the chordae tendineae were also thickened. Several hearts with non- 
deforming mitral valvulitis showed slight aortic stenosis. Most of the hearts vfith mitral 
stenosis revealed deforming or nondeforming disease of other valves, especialb^ the aortic 
and tricuspid valves. The nonrheumatic hearts were carefully selected, and those with 
equivocal gross rheumatic lesions rejected. 

Only a single transverse section of left atrium, approximately 2.5 cm. in length, was 
studied. This was taken perpendicular to the endocardial surface and, according to the 
method of Gross, Antopol, and Sacks,5 about 1 cm, above the attachment of the posterior 
mitral leaflet. There was close standardization of all sections mth respect to size and 
location. The material was fixed in formalin, embedded in paraffin, and stained with hema- 
toxylin and eosin. In every case an extra section was stained with the combined Weigert 
and van Gieson methods for elastic and connective tissue. 

In addition to the nonrheumatic and rheumatic groups, sections of left atrium were 
also made from twenty-five hearts with syphilitie aortic iusniiiciency and five hearts with 
at 5 -picai verrucous endocarditis. 

The following items w-ere studied: endocardium proper — thickness, subendothelial 
plaques, fibrosis, cellular hyperplasia of connective tissue, vascularity, cellular exudate. 

From the Institute of Pathologj’-. AVestern Reserve University, Cleveland, Ohio. 

Received for publication Oct 16, 1941. 
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Tasik X Lesio:.'s of ENuoaiSDicH Proper of Left ATRiUii ui 

I^ONTUiEDlIAXtC AIU) EiIEU.MATIC HE.UiTS 



100 

XOXBUEUUATIC 

HEARTS 

100 

BHEUilATrC 

nE.VRTS 

b’ubendotlxelial plaque 

6 

23 

Fibrosis 

4 

15 

Cellular hyperplasia of connective tissue 

0 

18 

Vascularity 

2 

25 

Cellular exudate 

0 

21 

A-schoff nodules 

0 

3 

Fibrinoid degeneration 

0 

6 

Mural thrombosis 

0 

5 

Calcific deposit 

0 

1 



Thickness in micra- 


^ Non- rheumatic hearts 
ns 'Rheumatic hearts 

• InijAi I. — Tiiickiitb.-. of tniJocardjum proper of left atrium in 100 nontheumatie ami 100 rheu- 
matic hearta. 


E iidocardiu/u Proper. — Tliickness: In the nourheumatic hearts the thick- 
ness of the endocardium proper varied from 330 to 1,440 microns (Graph I). 
The average thickness for one hundred cases was 753 microns, A value over 
1,400 microns was obtained in only two hearts. The range in the rheumatic 
group was 330 to 3,180 microns with an average of 987. The thickness ex- 
ceeded 1,400 microns in seven cases and was more than 1,600 microns in ttvelve 
cases. 


Subendothelial Plaques: Plaque.s- in subendothelial location, indistinguish- 
able from those of rheumatic disease, were observed in .six ca.ses of the non- 
rhcuuiatic group. Four were of hyaline typo and two v/ere mucoid. All 
idaquc-s were of single layer variety, sparsely cellular, and contained elastic 
iiber.s, and two shov/ed smooth muscle cells. None revealed vascularity or 
cellular exudate. 

Subendothelial plaques were pre.sent in 23 of the 100 rheumatic hearts. 
In four vases there vras- a diffuse plaque involving almost the entin.; length of 
tr.docardium; in 18 casts the plaque.s were discrete and ranged from one to 
four ill number per section. The plaques v/ere of single layer type in 18 eases, 


741 


KOLETSKY ; MICROSCOPIC LESIONS OP LEFT ATRIAL ENDOCARDIUil 

Fibrosis of tbe endocardium indicates proliferation of fibrous tissue or 
formation of sear resulting in distortion of architectural pattern and interrup- 
tion of elastica. The change is focal, or patchy and difliuse, and may involve 
all portions of the endocardium. The fibrous lesions are often disposed oblicpiely 
or even perpendicular to the elastic lamina, are usually sparsely cellular, and 
sometimes accompanied by vascularity and cellular exudate. 

Cellular hyperplasia of connective tissue refers to increased ceUularity of 
endocardium and focal aggregates of mononuclear cells of histiocytic or fibro- 
blastic type. The nuclei are vesicular or hyperchromatie, irregular in shape, 
often elongated, and may show palisading, while the cytoplasm is poorly de- 
fined. The polarity of the cells is variable, some being disposed obliquely, or 
even perpendicular, to the elastica. The intercellular collagenous matrix is 
sometimes the seat of swelling and degeneration. 

Marked increase in vascularity of the subendoeardium and vascular pene- 
tration of the endocardium proper are characteristic of rheumatic inflamma- 
tion. Most of the vessels are capillaries or arterioles. A distinctive vascular 
lesion is observed occasionally, i.e., small arteries with thick musculoelastic 
wall.^ These vessels are composed of concentric groups of longitudinal smooth 
muscle cells whose margins are often surrounded by elastic fibers. On cross 
section the artery has a honeycombed appearance. 

Aschoff nodules consist of typical Aschoff cells, the Anitschkow myocytes, 
Avhich have ‘‘owl-eyed,” fibroeytoid, or pyknotie nuclei, distributed in an 
edematous matrix of swollen and coarsely granular collagen. The cytoplasm 
of the cells is frequently basophilic, and the cell outlines are irregular or 
ragged. Only nodules with typical morphology were accepted. Small groups 
of fibrocytes or histiocytes with normal cytoplasm and stroma were excluded. 

In fibrinoid degeneration, the ground substance of connective tissue is con- 
verted to a fibrillar network or homogeneous structureless material which is 
poorly cellular, fefraetile, and intensely acidophilic. 

CLINICAL DATA 

All hearts were from adults. In the nonrheumatic group the ages ranged 
from 19 to 82 years; 52 patients were males and 48, females; 80 were white 
and 20, Negro. There was a variety of clinical diagnoses, such as carcinoma, 
pneumonia, diabetes, coronary thrombosis, and cor pulmonale. Twenty-five 
patients had hypertensive heart disease. 

In the rheumatic group the ages varied from 22 to 78 years. There were 
58 males and 42 females; 97 were white and 8, Negro. Most of the 75 patients 
with mitral stenosis had cardiac insufficiency of long duration with repeated 
attacks of decompensation and died of congestive failure. Most of the 25 non- 
deforming rheumatic lesions were incidental autopsy observations. None of 
the cases had a clinical diagnosis of active rheumatic disease. 

RESULTS 

A summary of the findings for nonrheumatic and rheumatic hearts is 
given in Tables I, II, HI, IV, and V and Graphs I, II, and III. The following 

lesions were not observed in the nonrheumatic group : endocardium proper 

subendothelial plaques with- multiple layers, cellular hyperplasia of connective 
tissue, cellular exudate, Aschoff nodules, fibrinoid degeneration, mural throm- 
bosis, and calcific deposit; subendoeardium— small arteries witl/musculoelastic 
wall and Aschoff nodules. 
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polymorplionuelear leucocytes, plasma cells, and large mononuclear cells. The 
exudate %vas confined to the outer third of endocardium in eight eases, while 
the middle or inner thirds were also involved in 13 additional cases. Seventeen 
of the 21 eases showed capillary vascularity of the endocardium and the 
cellular infiltration generally occurred in the vicinity of the blood ves.sels. 

Aschoff nodules: Typical nodules, of the so-called mosaic type, were pres- 
ent in the endocardium of three rheumatic hearts. They were situated in the 
inner third of endocardium in one ease, in the outer third in one ease, and in 
both middle and outer thirds in one ease. 

Thickness of Smooth IMuscle: In the nonrheumatic group the average 
thiekne.ss of the smooth muscle layer in the outer third of endocardium was 
235 microns as compared to 373 microns for the rheiimatie cases (Table III). 
The range for the nonrheumatie group was 60 to 300 microns,- for the rheu- 
matic group, 60 to 540 microns. In ten rheumatic cases the value exceeded 
300 raiez’ons (Graph II). 

Fibrinoid Degeneration: This occurred in six rheumatic hearts and in- 
volved connective tissue in subendothelial location or in the inner third of 
endocardium proper. In four instances the lesion was situated within a sub- 
endothelial fibrous placjue at the base of a mural thrombus. 

!Mural Thrombosis : llural thrombi of the left atrium were present in five 
rheumatic hearts. They were composed mainly of fibrin and erythrocytes with 
a relatively small number of platelets and leucocytes. In four cases the thrombi 
were superimposed on subendothelial plaques. 

Calcific Deposit: This was present in one rheumatic heart which .showed 
large, coarse, calcific masses w-ithin a subendothelial plaque of dense hyaline 
type. 

Subcudocardiuin. — Thickness: In the nonrheumatic group, the thiekne.ss 
of the .subendocardium varied from 00 to 480 microns (Graph III). The aver- 
age was 235 microns. Ninety cases measured less than 300 microns; there 
were only three over 400 and none over 500 microns. In the rheumatic group 
the range was 90 to 900 and the average w-as 373 microns. Sixteen easc'.s meas- 
ured more than 400, and 20 measured more than 500 microns. , 

Ya'^cularity : A count was made of all blood ve.ssels in the siibendocardium. 
The average area of siibendocardium per section v/as approximately 5-9 sq. mm. 
for the noiu-heumatie hearts and 9.3 sq. mm. for the rheumatic hearts. The 
total vascularity is .shown in Table lY. In the nonrheumatie group the numl)cr 
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Table H. Lesions op Subendocardium: op Left Atkium in 

ISTONRHEOilATIC AND EnEUlXATIC HlLVRTS 



100 

nonrheumatic 

HEARTS 

100 

RHEUMATIC 

HEARTS 

Vascularity (average number of vessels per section) 

18 

54 

Musculoelastie arteries 

0 

6 

Cellular exudate 

3 

22 

Aschoff nodules 

0 

16 


i.e. ; dense hyaline, ten ; loose hyaline, one ; mncoid, four ; and of both hyaline 
and mucoid variety, three. Plaques with two layers were present in four cases. 
In one instance there was a plaque mth three distinct strata^ a superficial 
mucoid superimposed upon two similar layers of dense collagen. 

Elastic tissue was present in 12 and smooth muscle cells in 10 eases. Seven 
plaques of the single layer variety wmre covered superficially hy a dense elastic 
membrane. Capillary vessels were observed in two eases, a slight cellular 
exudate of lymphocytes in five, and superimposed mural thrombosis in four 
cases. 

Fibrosis : Fibrosis of the endocardium with distortion and interruption of 
elastiea was observed in four nonrheumatie and in 15 rheumatic hearts. The 
lesions in each group were generally similar, except that vascularity and exu- 
date were absent in hearts from the nonrheumatic group and present in eight 
of the 15 rheumatic cases. 

Cellular Hyperplasia of Connective Tissue : Increased cellularity of endo- 
cardium vdth aggregates of swollen cells containiug vesicular or hj’perehro- 
matic nuclei occurred in 18 rheumatic hearts. The coUagenous matrix showed 
edema in 14 cases, swelling and granular degeneration in four, and cellular 
exudate in nine cases. Asehoif nodules were present in two cases. 

Vascularity: The endocardium proper was vascularized in only two out 
of 100 nonrheumatic eases. In each instance a few capillaries were observed 
focally among smooth muscle cells in the outer third of endocardium. The 
middle and inner portions of endocardium were avascular in all cases. 

Vascularity was present in 25 of the 100 rheumatic hearts. Slost of the 
vessels were capillaries although two cases showed arterioles and small arteries 
with musculoelastie wall. The number of vessels in a single section varied 
from few to many and the distribution was focal or moderately diffuse. In 15 
eases vascularity was confined to the outer third of the endocardium, in seven 
the middle third was also involved, while in three instances the capillaries 
penetrated into the inner third. In 15 cases the vascular change was asso- 
ciated with cellular exudate, usually slight and consisting mainly of lympho- 
cytes with a few polymorphonuclear leucocytes. Focal perivascular fibrosis 
was present in eight cases. 

Cellular Exudate: Twenty-one rheumatic eases showed this lesion which 
was usually focal and slight to moderate in degree. In three eases the change 
was diffuse and marked. The cells Avere mainly lymphocytes with occasional 


Table HI. Average Thickness, in Microns, op Layers op Endocardium op Left Atrium in 

Konrheumatic and Eheumatic Hearts 



100 

100 


NONRHEUilATIC 

rheumatic 


hearts 

hearts 

Endocardium proper 

753 
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Smooth muscle 

120 

‘>30 

Subendocardiura 

235 

373 





746 


AilEfllCA^r IIII\RT JOURNAL 


Rheumatic stigmas of the left atrium were absent in the hearts of 25 per- 
sons -A-ith s\-philitie disease, and also in the hearts of five persons with atypical 
verrucous endocarditis except for one ease with a large subendothelial plaque. 

DISCUSSION OF RESULTS 

Among the nonrheumatie group were 12 hearts in which the left atrium 
showed one or more lesions of rheumatic type. There was a total of IS such 
lesions (Tables I, 11, IV, and V and Graphs I and III). To determine whether 
these were uncommon normal variations in structure or actually due to rheu- 
matic disease, the 12 hearts were examined for rheumatic stigmas elsewhere 
than in left atrium, especially the valves. In the latter the presence of vas- 
cularity, cellular exudate, and fibrosis, especially fibroelastie reduplications of 
auricularis or ventricularis layers, was considered indicative of rheumatic 
disease. 

Acceptable valvular stigmas were present in four of the 12 hearts. This 
leaves eight hearts not established as rheumatic with the following lesions: 
subendothelial plaque, four; endocardial fibrosis, three; vascularity of endo- 
cardium proper, one; thick endocardium proper, one; thick subendocardiuin, 
one ; cellular exudate of subendoeardium, one. Possibly these are instances of 
rheumatic disease with stigmas confined to the left atrium. 

Some rheumatic lesions resemble and may be indistinguishable from alter- 
ations in structure of the normal atrium. This refers especially to subendo- 
thelial plaques, endocardial fibrosis, and increase in thickness of the smooth 
muscle. Gi'oss* pointed out that, from the third decade on, thickening of 
smooth muscle and progressive loss of elastic tissue are commonly observed 
in the atrial endocardium. Loss of elastiea in subendothelial location or inner 
third of endocardium often gives the appearance of subendothelial plaque or 
sear. Other rheumatic changes, such as widening of the layers of endocardium 
and increased vascularity and cellular exudate of subendocardium, may also 
be confused with normal variations. AYhile lesions, especially if multiple, may 
suggest i-heumatie disease, they cannot be regarded per se as charaeteristic 
unless well developed and beyond the normal range. 

Several microscopic lesions which occur very rarely, if at all, in normal 
hearts or in other forms of heart disease, are practically pathognomonic of 
rheumatic endocarditis. The most frequent in the endocardium proper arc 
vascular penetration, cellular exudate, and cellular hypei’plasia of connective 
ti.s:>ue; in the subendocardium the most frequent are extensive vascularity, 
including the presence of vessels with rausculoelastic wall, and Aschoff nodules. 
Other changes, such as subendothelial plaques with multiple layers, fibrinoid 
degeneration, and calcific deposit, w'hile conelu.sive, are comparatively infre- 
quent. GroSvS* emphasized endocardial reduplications, va.scularity of endocar- 
dium, and increase of endocardial smooth muscle as highly suggestive of rheu- 
matic endocarditis in hearts with inactive disease. The atrial lesioms of lupus 
erythematosis differ fi'om tho.se of rheumatic fever.^ 

Sixty rheumatic hearts showed one or more conclusive stigmas in the left 
atriiua. while 40 were negative or equivocal. Most of the equivocal clianges 
were jirobably rheumatic but not distinctive. As in the valve.s, rheumatic 
atrial disease, e.spceially if .slight, may heal without leaving diagnostic lesion.s. 

The .stigmai, of rlieumatic disease are usually multiple. Of GO po.sitive 
hcart.s, oi had three or more .stigmas, eight had twm, and 18 had only one. 
In the ia.st giuup the principal lesions were Asclioff noduk% vascularity of 
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-of blood vessels per section varied from 0 to 120 per section with, an average of 
18. There were less than 75 vessels in 99 cases, while one had 120. However, 
the last showed rheumatic valvular stigmas. No vessels with.musculoelastie 
wall were observed. Among the rheumatic cases, the number of vessels ranged 
from 2 to 300 and the average was 54. More than 75 vessels were present in 
14 cases and more than 100 in an additional 14. Six cases showed small arteries 
with thick musculoelastic wall. 

The vascularity per imit area was as follows : 3.1 vessels per square milli- 
meter of subendocardium in the nonrheumatic group and 5.8 vessels per square 
millimeter in the rheumatic group. The difference is statistically significant. 



Non.- rheumatic hearts 



Thickness in micra 


^ Non- rheumatic hearts 
is Rheumatic hearts 


Rheumatic hearts 

Graph II. Graph III. 

Graph II. — Thickness of smooth muscle layer of endocardium in 100 nonrheumatic and 
100 rheumatic hearts. 

Graph III. — Thickness of subendocardium of left atrium in 100 nonrheuinatic and 100 
rheumatic hearts. 


Cellnlar Exudate: Of the nonrheumatic group 75 eases contained no cellu- 
lar exndate in the subendocardium. Twenty-five had focal infiltration, mainlj^ 
of lymphocytes and usually in the idcinity of blood vessels. This ivas slight 
and inconspicuous in 22 cases and prominent in three cases. There* was no 
instance of diffuse exudate. In contrast, 19 rheumatic cases showed wide- 
spread exudate of moderate to marked degree (Table V). 

Aschoff Nodules : Sixteen rheumatic hearts revealed subendocardial Aschoff 
nodules. For the size of field given previously, the number of nodules varied 
from 1 to 8 per section witli an average of 3.3. They were usually of mosaic 
or reticular mosaic type Avith a few coronal or Polaroid forms.® Nuclei of 
fibrocytoid, hyperehromatic, and “owl-eyed” type ivere usually present in each 
nodule, with the first the most frequent. The cytoplasm of the cells ivas fre- 
quently basophilic, and the cell margins were ragged and irregular. The con- 
nective tissue matrix showed edema and fragmentation but fibrinoid degenera- 
tion was not observed. Slight cellular infiltration was present in one or more 
nodules in seven eases. 
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eraliy present in acute rheumatic endocarditis. In the latter the change is 
diffuse and the hyperplasia of connective tissue cells is accompanied by palisad- 
ing, swelling and fibrinoid degeneration of collagen, edema, and infiltration of 
polymorphonuclear leucocytes and lymphocytes. 

Aschoff nodules are pathognomonic of rheumatic heart disease. This re- 
fers to the typical lesions and not to the so-called ^Vschoft’-like or sub-Aschoff 
nodules® v/hich lack precise identity. In this study the .subendocardial layer 
of left atrium contained nodules more frequently than endocardium proper or 
atrial myocardium and less frequently than the myocardium of left ventricle, 
i.e., sixteen as compared to twenty-three eases. Howevei*, there were several 
hearts in which the lesion was apparently confined to the subendocardial por- 
tion of the atrium. 

Pibi'inoid degeneration is described as the principal change in the ground 
substance of connective tissue in acute rheumatic inflammation.’® As such, 
the lesion was not present in this series of chronic rheumatic hearts, although 
a small nmnber of eases showed fibrinoid, mainly within subendothelial fibrous 
plaques. The exact nature of the lesion, whetlier a primary degeneration of 
connective tissue”’’® or due to deposition of fibrin,” or a combination of these,” 
is not clearly established. 

Of interest is the possible relation of the rheumatic subendothelial plaque 
to atrial myxoma. There is a question as to whether the latter is a true neo- 
plasm or a new growth of inflammatory type, originating in connective tissue. 
Dexter and "Work” point out that a rheumatic lesion of the posterior or septal 
wall of the left atrium may leave a residuum on which granulation tissue 
develops, ultimately producing the tumor mass. In the case of myxoma which 
they reported, the heart showed signs of extinct rheumatic disease. 


COMMENT 


Stigmas of chronic rheumatic disease occur more frequently and with 
greater variety in the endocardial layer of the left atrium than in the myo- 
cardium or pericardium. In the latter, the only positive stigma is the Aschoff* 
nodule ; vascular lesions, fibrosis, and cellular e.xudate are generally not suffi- 
cient for diagnosis. Although 60 of the 100 rheumatic hearts in this study 
had definite stigmas in the endocardium, only five revealed positive lesions, 
i.e., Asehotf nodules, in the atrial myocaz'dium. 

The correlation between gross and microscopic findings is shown by the 
following figures; of 42 hearts with gross rheumatic disease of the left atriuni, 
40 showed conclusive miei’oscopic stigmas and 2 were equivocal. Of 58 hearts 
with doubtful gross lesion- or gro.ssly normal, 20 were positive micro.scopically. 
Thus, microscopic study may indicate rheumatic endocarditis even thougli the 


gross change is not diagnostic. 

The distribution of microscopic lesions of the valves, left ventricle, and 
left atrium of the one hundred rheiunatie hearts is shown in Tabic VI. Tiie 
mitral valve is nniformly positu'e because only hearts with gross mitral le.sions 
v/ere selected. Stigmas of the left atrium were approximately as frequent as 
those of aortic and tricuspid valves and were more ircfiuent than in pulmo- 
nary valve and left ventiicie. 

Hearts with well-developtd, left atiial endocarditis are n.^ually the seat of 
more or k-.ss widespread rheumatic involvement. All .sixty hcart.s v.itJi atrial 
.stigmas showed lesions in other .slte-s. i.e.: mitral %’aivc', 60 ea-^es; aortic valve, 
57; tricuspid valve, 42; pulmonary valve, 32; and leu ventricle, 23. 'rhrec 
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endocardium, extensive vascularity of subendocardium, and siibendotlielial 
plaques. 

In well-developed rbeumatic disease there is often conspicuous thickening 
of the endocardial smooth muscle. . Hutcheson® suggested that this might lead 
to auricular fibrillation if the smooth muscle became preponderant over the 
striated muscle of the atrial myocardium. Our figures in this connection are 
of limited value since there were electrocardiograms in only 46 eases. In 23 
patients with auricular fibrillation the thickness of smooth muscle varied from 
90 to 510 microns with an average of 256. For 23 patients Avithout auricular 
fibrillation the range Avas 60 to 480 microns and the average 206. The dis- 
tribution curves do not shoAv a significant difference betAveen the tAvo groups 
(Graph IV). This Avas also true Avith respect to the thickness of atrial myo- 
cardium. In the hearts Avith auricular fibrillation there Avas no constant rela- 
tion betAveen thickness of myocardium and endocardial smooth muscle. 


'n 
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o No auricular fibrillation. 
• Auricular fibrillation. 


Graph IV. — Relation of auricular fibrillation to thichness of smooth muscle of endocardium. 


Formation of neAv blood vessels is often a prominent feature of rheumatic 
atrial endocarditis. This occurs in the acute phase of the disease and the 
vessels remain as a stigma Avhen actmty ceases. The increase in vascularity 
varies from slight to marked and inA'olA’'es principally the subendocardium, 
although sometimes there is vascular penetration of the endocardium proper, 
mile most of the new vessels are capillaries, a small number of eases shoAv 
arterioles, or small arteries, Avitli thick musculoelastic Avail. The latter Avhich 
are found more frequently in the valves, especially mitral, than elseAvhere in 
the heart are especially characteristic of rheumatic disease. 

Such lesions as cellular hyperplasia of connective tissue, sometimes asso- 
ciated Avith degeneration of collagen, and Aschoff nodules, indicate activitv of 
the rheiimatic infiammation. The degree and extent of cellular proliferation 
observed an this study were slight compared to the well-developed lesion gen- 
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Comparison of small groups of cases with and without auricular iibrillatioii 
showed no significant difierenee in the thiclmess of endoeai'dial smooth muscle. 
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Table TI. Distribution op Microscopic Stigmas in 100 Cases op 
Chronic Rheumatic Heart Disease 


NUMBER OP CASES WITH 
positive STIGMAS , 


Mitral valve ^ 100 

Aortic valve 69 

Tricuspid valve 60 

Left atrium , 60 

Pulmonary valve 40 

Left ventricle (Aschoff nodules) ^ ^ 


or more of these sites were positive in 48 eases, two sites in nine cases, and 
only one site, the mitral valve, in four cases. Moreover, the incidence of 
positive stigmas in the atrinm is related to the severity of the valvular disease, 
especially mitral. In this study, the atrium was involved in 54 of 75 hearts 
with mitral stenosis (72 per cent) and in only sis of 25 hearts with nonde- 
forming mitral valvulitis (24 per cent). 

This limits the practical value of the atrial endocardium as a site for 
diagnostic stigmas of chronic rheumatic disease. "When the atrium is positive 
there are generally clear cut valvular lesions, while in cases with slight or 
doubtful disease of valves the atrium is often negative. However, typical 
lesions of the atrium may occur in hearts udth noiideforming valvulitis. Occa- 
sionally, atrial stigmas aid in establishing rheumatic disease in hearts with 
equivocal valvular change. 

Although hearts with gross evidence of active rheumatic disease were 
excluded, a fairly large number — about 20 per cent — showed one or more 
active lesions microscopically, i.e., Aschoff nodules, cellular hyperplasia of 
connective tissue, and swelling and degeneration of collagen. In a few of these 
there was focal verrucous endocarditis of valves not recognized in gross. A 
clear distinction between active and acute disease is often difficult. Such 
lesions may indicate a recently superimposed acute rheumatic attack, or per- 
sistent activity of a previous acute attack, or possibly reactivation, especially 
in the stage of cardiac failure. 

SUMM^VRY and CONCLUSIONS 

In 100 hearts, the seat of chronic rheumatic disease, there was gross in- 
volvement of the left atrial endocardium in 42 cases and microscopic involve- 
ment in 60 eases. 

Certain microscopic lesions of the endocardium of the left atrium, which 
occur rarely, if at all, in normal hearts or in other types of cardiac disease, 
form practically pathognomonic stigmas of rheumatic endocarditis. In the 
endocardium proper these include vascular penetration, cellular exudate, and 
cellular hyperplasia of connective tissue ; in the subendocardium they include 
excessive vascularity and cellular exudate, the presence of small arteries 'vvith 
musculoelastic wall, and Aschoff nodules. 

Other lesions, such as subendothelial plaque, endocardial fibrosis, and in- 
crease in thickness of smooth muscle, may be higlily suggestive of rheumatic 
disease but require differentiation from corresponding alterations in structure 
of the normal endocardium. 

Bheumatic endocarditis of the left atrium usually occurs in hearts with 
deformity of the mitral valve and with more or less widely distributed micro- 
scopic rheumatic Migmas, especially of the valves. In occasional instances, 
hoAvever, atrial stigmas aid in establishing rheumatic fever as the cause of 
equivocal valvular disease. 
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lirat became -very'uervouh, she was 17 years of age aau was employed as a teleplioae operator, 
A diagnosis of Iij-per thyroid ism was made, and a subtotal thyroidectomy was done. After this 
her nervousness disappeared for some jears. But after many worries and an uniiappv mar- 
ried life, her nervousness reappeared two yetura before admission. At this time she sutfored 
a severe attack of "double pneumonia." Following this, in addition to nervousness, she 
began having occasional attacks of diiHcult breathing and coughing which oecuircd mo.-tlv 
at night. These attacks had become much more frequent and severe. At 1 .v.m. the moruuig 
of admission, an especialli* severe attack of her "asthma" began. It was aceompauied bv 
protracted nausea and vomiting. She was referred to the Roper Hospital by her private 
physician. 

Past historj' disclosed asthma in childhood vvliich liad never recurred, removal of ton- 
■sils and adenoids in childhood, appendectomy at 10 jears, and salpiugo-oophoiectomy at 
years. Slie also had had myopia since childhood requiring glasses for correction, frequent 
colds m the preceding two years, and menorrhagia for sixteen years. The family history' was 
noacoatributory. 



FJe. 1‘ 

Physical examination showed a well-developed but thin, pale, nervous, and appreheii'iive 
woman of about 10 years. Her skin wa.s lino in texture, moist, aud warm. Her eyei were 
normal aside from myopia; there was no exophthalmos. Her tongue was rather red in color 
aud clean, the ctlges were atroxihic, and there was a liuo tremor oa protrusiou. Her uccn. 
showed a .'•car of previous thyroidectomy. The thyroid gland was moderately enlarged, more 
so in tho right lobe aud isthmus, and was quite firm and slightly nodular. Scattered moist 
rales and a few musical rhonehi were heard throughout both lung fields. Tho heart was slightly 
enlarged, but there were no murmurs, Tho heart nite was I'JO jier minute, regular, but a jiuKso 
deficit of 20 W.LS ob-erved. The perix)he.>-al arteries were normal; the blood prca-uro was 
J50/7A The abdomen vioi, normal except for scar.** of two jirevioms operations, ihe e.x- 
irenutie-i showed a fine tremor of tlie extended fingers. There was no edema. The rcJle\*‘s 
were hyquractive. 

Laboratory studici wore as follows: 

Urine; 

.\ug. 17, PJt2; .'•r»oeiiic gravity, 1.020; :dbuniiii, 1 phn; sugar, 1 plus; acetone, i plus; 
and r^Jiuteat, negafiv*-, 

Aug, X'A VJS~: -ittvu'.c graury, J.OlO; aJhamm, J plui; niiyar, 1 plus; metm.e, 0; .md 
sedimeat, negative. 
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VENTRICULAR FIBRILLATION AS A COiiUPLICATION OP * 

HYPERTHYROIDISM 

John A. Boone, A.M., M.D* 

Chakleston, S. G. 

A ll OP the authors who have described the disturbances of the heart which 
occur in hyperthyroidism have emphasized the fact that auricular fibrilla- 
tion is the arrhythmia most commonly encountered. Transitory auricular flut- 
ter and A-V block have been noted as exceptional occurrences.^’ - Although the 
ability of thyroxin to increase the irritability of the myocardium is well Imo^vn, 
I have been unable to find any mention in the American literature of clinical 
observations of arrhythmias arising from ventricular disturbances in this dis- 
ease. 

In Europe, BickeP described two eases of sudden death in hyperthyroidism 
from cardiac arrest. Both patients were autopsied, birt in neither was electro- 
cardiographic proof obtained. Both deaths occurred after digitalization, and 
ventricular fibrillation was suggested as the cause. In Argentina, Sabathie^ de- 
scribed a case of “ventricular prefibrillation"' in hyperth 3 T.’oidism. One electro- 
cardiogram showed auncular fibrillation, left bundle branch block, and rans 
of ventricular tachycardia. Another showed numerous extrasystoles from mul- 
tiple ventricular foci. Pive days after subtotal thyroidectomy there were found 
normal sinus rhythm, first degree A-V block, left bundle branch block, and oc- 
casional ventricular extrasystoles. Similar findings were obtained fourteen 
months later. 

Bickel and FrommeP obtained sinus tachycardia, auricular and ven- 
tricular extrasystoles, auricular fibrillation, ventricular tachycardia, and ven- 
tricular fibrillation, all proved electrocardiographically, after massive injections 
of thyroid extract in rabbits. However, these results were obtained with crude 
extracts of thyroid glands, and all occurred within a matter of minutes after 
injection. Since it is well known that a latent period of twenty-four to forty- 
eight hours must elapse between the administration of thyroxin and the oc- 
currence of any demonstrable biologic effect, it seems doubtful that the pro- 
duction of ventricular fibrillation in these experiments can be asertbed to the 
action of thyroxin. 

Fig. 1 is an electrocardiogram obtained from a patient with recurrent hy- 
perthyroidism. It is believed that this is the first proved instance of ventricu- 
lar fibrillation in hyperthyroidism to be reported. 


REPORT OF CASE 


Hospital No. 11458. Mrs. L. J., a ST-year-old housewife, separated from her husband, 
entered the Roper Hospital Aug. 17, 1942, complaining of nerr-ousness and asthma. When she 
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Sudden death in liypertliyroidism is certainly not unknown, and tin's was 
especially true in the daj's before Plunnner’s epochal discovery of the quieting 
effect of iodine. Moreover, a definite impression seems to have giwvn up among 
many clinicians worldng in large thyroid clinics that digitalis is not only in- 
effective, but possibly even harmful in thyroeardiac disturbances. It does not 
seem unreasonable to link these observations in the following conclusions. 

CONCLUSIONS 

1. The increased myocardial excitability in hjqperthyroidisni may occa- 
sionally lead to paroxysms of ventricular fibrillation. 

2. Iodine is a safer and more effective dmg than digitalis in controlling 
the arrhythmias of hyperthyroidism. 
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ACUTE ISOLATED MYOCARDITIS 

Report of a Case Due to MrcRo-AEROPnyLic Streptococcus IIe3iolyticus 

John R. Schenken, M.D., and Winston C. IIeibner, M.D. 

New Orleans, L.v. 

A cute isolated myocarditis or Fiedler’s myocarditis is a disease which is 
usually characterized clinically by the sudden onset of dyspnea, eyano.sis, 
and precordial pain, and which usually terminates fatally within a few days. 
In some cases, however, the onset is gradual, and, in others, the illness is pro- 
tracted over a period of several months. 

I’h’ora a pathologic standpoint it may be defined as a “disease in which in- 
flammation of the myocardium is the only important active acute lesion in the 
body”^ and in which there is an “absence of any major pathologic condition in- 
volving either the endocardium or pericai’dium. ”■ Anatomically it is not a 
specific form of myocarditis but is classified as a separate entity largely hecau.se 
the etiology is unl^nown. 

The pathologic lesions in nuuiy cases of myocarditis where thy etiology is 
known are indistinguishable from tliose in acute isolated myocarditis. 

In a recent extensive review of the litevaturc on isolated myocarditis, 
Saphii“ stated that “. . . two di.stinet typos of myocarditis have been described. 
One is cinwacterized by the i>re3cnce of granulomatous Ic-.sious and the other by 

From Uu' D<p.irti!nnt of FnUiolo^y, Toui» Iiiriri!. irj'. <tria tiu- p trtnu lit <",f PatiioSo .y 
anti naCtcrioJoprj’, Stato l.'nlVfr.Uty i-ci.owl of AIcCEinc. Now Orl/.til', ‘* 

JitJiii Lcforc tiic Atr.(.Ti<..in Sixris-iy of Clinical X'atJioIosist >. June, ISSJ. 
nectivoJ for pubUcjtiAn Afj.rch G, 1311. 
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Blood: , 

Aug. n, 1942; red blood cell count, 3,300,000; hemoglobin, 13 Gm.; ivhito blood cell 
count, 6,700; polymoi-plis, 65 per cent; IjTnphocjdes, 30 per cent; and monocytes, 5 per cent. 

Aug. 18, 1942: Wassermann and Klino reactions negative. Cholesterol, 178 mg. per 

cent. 

Aug. 27, 1942: blood sugar, 84 mg. per cent. 

Significant excerpts from the progress notes vrere as follows: Aug. 19, 1942: Before 
daybreak on the morning of admission, the patient experienced a sudden attack of paroxysmal 
rapid heart action accompanied by an obstructive type of dyspnea and a sensation of choking 
in the throat. Examination showed that the lungs were clear without asthmatic wheezes. 
There was rapid tumultuous heart action, grossly irregular, and the rate was 150 to 160. The 
pulse rate, at the wrist, was 120; the pulse deficit was 30 to 40. The electrocardiogram 
(Fig. 1) showed auricular flutter, A-V dissociation, and intraventricular block. Lead LE ap- 
pears to consist entirely of a period of ventricular fibrillation. The patient stated that her 
asthma" was a sensation of something pressing about her lower neck. She seemed nervous 
and despondent. Lugol 's solution, 15 minims three times daily, was prescribed. 

Aug. 20, 1942: The pulse and heart rate was 116 per minute. There was no deficit or 
irregularity. The patient slept well the preceding night and her nerves were calmer. 

Aug. 21, 1942: The heart rate was regular; there was a systolic gallop at the apex; 
the rate was 100 to 120; and there was no pulse deficit. The electrocardiogram showed sinus 
rhytlun, intraventricular block, and vaiy-ing block. 

Aug. 25, 1942: The heart rate was regular, 100 per minute. The basal metabolism 
was +39 per cent. 

Aug. 27, 1942: The heart rate was regular, 108 per minute. The basal metabolism 
was +27 per cent. 

Sept. 4, 1942 : Practically the wlmle right lobe of the thyroid was extirpated. 

Oct. 24, 1942 ; The basal metabobsm was +24 per cent. 

Oct. 27, 1942: The left lobe of the thjuoid was removed e.xcept for a narrow strip of 
normal appearing tissue behind the trachea. 

Oct. 30, 1942: The patient felt very well. Her pulse was 88 per minute, her blood pres- 
sure, 140/90. 

Oct. 31, 1942: The patient was discharged from the hospital. 

DISCUSSION 

Aside from the period of ventricular fibrillation in the tracing reproduced 
here, the underlying rhydhra was at first assumed to be ventricular tachycardia. 
But a second tracing, after noimal sinus rhytlmi was restored, showed the ven- 
tricular complexes to be of the same character as those in the first tracing, so 
that auricular flutter, A-Y dissociation, and A-V nodal tachycardia with intra- 
ventricular conduction delay seemed to be the better interpretation. Unfor- 
tunately the technical quality of the second tracing is too poor to permit photo- 
graphing for reproduction. 

The present author is of the opinion that paroxysmal ventricular fibrilla- 
tion may not be as unusual an event in the course of hyperthyroidism as this 
first case report might indicate. Since in man the diagnosis is next to impos- 
sible to make unless the patient happens to be connected to an electrocardiograph 
at the time the paroxysm occurs, it is possible that many instances of tliis ai*- 
rhythmia have in the past occurred and been passed off clinically as auricular 
fibrillation. Such indeed was the assumption in the ease presented, until the 
electrocardiogram imexpeetedly brought to light the true nature of the ar- 
rhytlimia. 

BickeP noted that his cases of cardiac arrest occurred after full digitaliza- 
tion, and felt that digitalis was contraindicated in thyrocardiac disturbances be- 
cause of its effect in further inci-easing myocardial excitability. In this connec- 
tion it should be noted that this patient received no digitalis at any time, and 
that the arrhythmia quickly disappeared after the administration of Lugol's 
solution was begun. 
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The heart weighed 225 grams. The chumbors of the iieart appealed to be moderatelv 
dilated. The cudoeardiuni ^\ad bmooth and glistening, and the valves appeared normal. Tlie 
myocardium was somewhat flabby. The cut surface of tho left ventricle and the left ven- 
tricular .side of the interventricular septum showed a zone of brownish-ied imisclo directly 
beneath tho endocardium (Pig. 1). This zone, which extended from apex to ba.so and 
measured 0.3 to O.G cm. in thickness, did not reach the endocardium at any point but re- 
. mained about 0.1 to 0.2 cm. beneath it. The mj-ocardium of the right ventricle did not .‘-how 
these clianges. Tho coronary vessels were carefully inspected by serial cross .sections and were 
widely patent throughout. 

Microscopic Examination . — The lungs showed large quantitie;, of fluid mixed with vary- 
ing numbers of red blood cells in the alveolar sacs. No exudate wa.s present. No macroplia'm.- 
were noted. Tho alveolar capillaries were dilated but there was no evidence of interstitial 
inflammation. The only finding in the liver was a .‘reparation of the sinusoidal walls from the 
liver cords. There was no evidence of chronic passive congestion. The spleen showed a mod- 
erate congestion of the pulp with an increased number of polymorphonuclear leucocytes. One 
^lalpighian corpuscle in each section .“howed a central area of reticulum cell hyperplu.sin and 
necrosis. Tho remaining organs appeared noimal. 



Pig. 1. — I’liotograph of tlie left ventricle and interventricular septum of the heart. The 
chamber Is dilated. Note the dark mottled zone beneatli the endocardium. 

Although tho lesions in tho heart were pieseiit piedoiiiinantly in the mottled zone be- 
neath the endocardium (Pig. 2), changes in the myocaidium were pre.-ent throughout the 
eutiro thickness of the musculature from the iiericardium to the endocardium. Neither of 
these surfaces was inflamed. The location and tho distribution of the lesions were quite 
irregular, 

Tho areas showing the alteration in the muscle libers were distributed in a patchy fash- 
ion. Some of these patches were surrounded by normal appearing muscle iiber.^. Tho ohangc.s 
ill tho muscle libers were, for the most part, degenerative changes with flic preservation of 
tlieir general contour. In some areas there were irregular thickenings of the muscle fibers due 
to localized pomt.s of hyalinizatiou, wherea.s in other areas rather Jong lengths of mu.sclo 
fibers showed a loss of cros.s and longitudinal striations a.s the re.sult of a rather uniform 
hyalini/ation. In both area.s, however, the fibers .stained more deeply than nonmd with eosiu. 
In .some areas the fibers showed an incrc.'i.-e in the granularity, often revealing irregular, coarse 
granules ;uid irregular, thick intercalated disc-’, sw well as pale staining granular areas alter- 
nating with deep red staining hyalinizcd areas. 

Intlamuiatory cell initUtatiou wa.s a-'-ix-iated with the-c degi-neratiie clianges (Pig- -J). 
In most area.s thi.s inliltrution was nither mild, con-isting largely of rows of pel) morphomi- 
cletir leuccjcytes and a few macroj>iiage,-j between the mu-x-Ie nber.s. In other area.-, however, 
very tiny f(«i of inilamuiatory cells were present at a point where there wa> obviou.sly a de- 
fect in tho continuity of the iiuj-’!e Jibcr. None of the-e arc;i,> wu-s Uirge enough to bo 
citamfied as an abscess. The densest points of accumulation of inllammatory cells were iu 
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a more diffuse type of inflammation. . . It is possible that these two. types 
may represent disease processes of different etiology, but since their separation 
on anatomic grounds alone is not justified they are still considered as variants 
of the same disease. 

The vast majority of the eases which are reported in the literature has been 
diagnosed on the basis of the microscopic examination. The search for a caus- 
ative infectious agent has been inadequate because the disease is difficult to 
recognize clinically and maeroscopically at necropsy. 

We have recently observed a case of the diffuse type of isolated myocarditis 
which we recognized grosslA" because of the rather striking macroscopic appear- 
ance. We isolated a miero-aerophylie Streptococcus Jieniohjticus in pure culture 
from the heaiff muscle. 

Oui‘ review of the literature has failed to reveal anj' other instance where 
a pyogenic organism was proved to be responsible for isolated myocarditis. 

REPORT OF CASE 

A 16-year-old, white, American male of Jewish descent was admitted to the hospital 
Dec. 24, 1942, at 7:20 P.M. and died Dee. 25, 1942, at 10:20 a..m. His chief complaint was 
pain, in the chest. On the afternoon of admission while playing basketball, the patient sud- 
denly experienced gi-eat difficulty in breathing, saw spots before his eyes, became dizzy, and 
fell to the floor. He had never had imy serious illnesses before, had been a regular member 
of the basketball team, and had been able to perform strenuous tasks without difficulty. 

Physical examination revealed that the skin was cold and clammy. His blood pressure 
was 70/40, pulse rate 110 per minute, and temperature 98® F. He w:is given immediately 
1,000 c.c. of 10 per cent glucose intravenously, and, following this infu.sion, his blood pressure 
rose to 90/70. Examination of the heart at this time revealed that the pulmonic second 
soimd was louder than the aortic second sound. The mitral first sound was prolonged, but 
no murmurs were heard. Examination of the lungs revealed erepithnt rales and a wheezing 
expiration. Eiglit hours after admission the patient was still in .«hoek. The pulse was rapid 
and thready, the neck veins were distended, and the nail beds as well a.s the .skin over the face 
and neck were cyanotic. He intermittently beat his chest with his hands and cried, ^‘The pain 
is killing me.” Coarse rides were heard over both lung bases. Just before death, which 
occurred about eighteen hours after the onset of illness, large amounts of pink, frothy ma- 
terial poured forth from the nose and mouth. 

Laioratonj Examination . — .An x-ray film of the chest was made shortly after admission, 
and the following report was given : ‘ * There is a slight increase in the transverse diameter 

of the heart. No shift of the mediastinal structures can be detected. The vascular markings 
are accentuated throughout both lungs and there is a mottled clouding of the parenchyma, the 
impression being that of pulmonary congestion and edema. A fiat plate of the abdomen re- 
veals marked ga.itric dilatation.” No other laboratory examinations were made. 

Post-Mortem Examination . — The body was that of a well-developed and well-nourislied 
white male, measuring 165 cm. in length and weighing 54.5 kilograms. A pinkish-white froth 
filled the nasal and oral cavities. The .superficial veins of the neck were markedly distended. 
The skin of the face and neck, the mucous membranes, and the nail beds were deeply cyanotic. 
There was no edema of the extremities or the back. 

The peritoneal cavity contained about 40 c.c., each thoracic cavity contained aflO c.c., and 
the pericardial sac contained about 50 c.c. of a clear, straw-colored fluid. No exudate was 
present upon the serous membranes. 

The right lung weighed 620 grams and the left, 460 grams. Each lung showed similar 
findings. Pinkish-white froth filled the large bronchi, and dear fluid poured forth from the 
cut surface. There was no evidence of consolidation. The liver weighed 1,212 grams. The 
capsule was smooth, the margins sharp, and the cut surface revealed normal color and mark- 
inga. The gall bladder and bile ducts were normal. The .spleen w'eighed 150 grams, and its 
capsule was smooth. The cut surface was irregular and deep purple in color; the pulp was 
softer than normal, but the markings were preserved. The rigid kidney weighed 112 grams, 
and the left, 125 grams. A moderate degree of congestion was the only finding of notet The 
pancreas, suprarenal gland.s, urinary bladder, gastrointestinal tract, and testes appeared nor- 
mal. 
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Fig. 4. — Photomicrograph o£ tho myocardium. Early degenerative changes without in 
flammatory cell Infiltration. Tl\c fibers m the central portion .■^tain more deeply and the slrl 
ations are obscure (hematoxylin and cosin stain; magnifleation, X230). 
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Kig. j. — IhiotoniieroKraplJ of th» iii>»M."irdioio. Xote the lieniorriiaKe between flu; mujicle 
bundle.^ .xnd in Uie perivascular tl^sui-.?, ner.ttlon of flu* inuacie slbera 1,» indicated by 

the of etri.iUons. gr.tnularity. thlch.,ii..d intercalated dbes, and fr.agnicntallofi tlienia- 

toxylin and euidn stain; maguidcation. X-3tj). 





°*' myocardium. The muscle fibers are neci’otic and the 
polj morphonuciear leucocytes (hematoxylin and eosin stain; magnification, 
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Mazer, M., and Eeisinger, J. A.: An Electrocardiographic Study of Cardiac Aging Based 

on Records at Rest and After Exercise. Ann. Int. Med. 21: 615, 1911. 

The present study demonstrates but few significant differences between the eiectro- 
cardiographs of males in the third and fifth decades. In tracings taken at rest, .>.igiiificunt 
differences between the two age groups were found only in the frequency of Q waves in Lead 
m, the voltage of R waves in the limb leads, and the voltage of T waves in Leads 1 and II. 

It has been found also that, though the alterations in tlie QRS comple.v due to e.xoreise 
show definite average trends, there are individual variations in either direction. Hence, definite 
criteria for the normal variation of this component cannot be established. The change.^ 
after exercise in the S-T segment were more constant and the variations from the average were 
small. Except for the T wave in Lead I in one case, all of the T waves in I^eads I, II, and 
IV were upriglit after exercise. Low voltage of the T waves in all of the limb leads or in the 
chest lead was not seen after exercise. 

Prom the data of the present study the following criteria for an abnormal electrcwardio- 
graphic response to standard exercise in the age groups considered arc suggested: 

1, Depres.sion of the S-T segment (by e.xercise) of more than 0.75 mm. in Lead I, 1.5 
mm. in Lead II, 0.75 mm. in Lead III, and 1.75 mm. in Lead CF^. 

2, Inveraion of the T waves in Leads 1, II, or CF,. 

3, Low voltage of the T waves in all of the limb lcad.s. M{ Cui.T.O(;H. 

Kjreutzer, R.: Further Experience in the Surgical Treatment of Persistence of the Ductus 

Arteriosus. Rev. argent, de cardiol. 11: 210, 1914. 

Four observations of ligation of the ductus arteriosus aro presented. In two ca.'-e.s 
tho results were optimal though .'ome cardiova.H-ular anomalies persi.sted. The murmurs di.s* 
appeared. A third patient died four days after operation. No autop.sy wa.s imuh*, but, from 
tho clinical and radiological symptoms, death may be imputed to pulmonary atelecfasia and 
purulent ideuropericarditis. In the fourth ca.'-e the murmur which disappeared after ligation 
reappeared eight months later with the same characteristic.s, tliougii le.*-.-, intense. 

The author’s observations are in lino with Shaj)iro’s opinion tliat operation .should he 
performed only when tho ca.ses of persistent ductus arteriosu.s, not accompanied by otiicr 
cardiac malformations, show signs of heart enlargement or insiilHciency or, in tlicir ah-ence, 
of bacterial endocarditis. Auriioi:. 

Gilchrist, A. R,: Patent Ductus Arteriosus and Its Surgical Treatment. iJrit, Heart J. 7: 

1, 1915. 

Patency of the ductus arteriosus ha.-* been .•‘tudied in a seric.s of twenty-eight (•oii.‘"'cu 
tho patients, fourttvn of whom w'cre submitU-d to surgical ligation. 

In diagno.sis, emphiisis i-» placed on the almost jjathognomonic .sign — the continuous 
murmur of Gibson. In the ab-ence of the cfuiraeteri.'.tic murmur, the diagnosi.s can still he 
established by the detection of oilier .sign.-) which, taken together, are of almost equal value. In 
order of importjinee tiicae are: pulmonary artery dilatation, inerea.sed pul.'i* pn.-'-mre at re-'t 
or after exerci-e, and a long har.sli bas.-il svstolie murmur with an accentuated or rcduplh'ated 
pulmonary .scvond sound. 

Tlio defect i.s in the nature of an arteriovenou.s fistula. In p.itent ductut arlenasus 
the Ventricular outputs arc unequal, the left e.xeieiiiag tla* right by the amoiinl of liow through 
tho ductu-s. This in turn i.s regulated, at least in part, hy tho *iizc of the channel and the de- 
grco of r>‘ai.st;»ncc otfered by the peripheral arterioles of the pulmoiiary circuit, the con itric- 
tiuii of which tlcerca'cs the buriLn thrown on the lelt ventrielc by correeting the tendency 
50 an cxcciiive fall in difutoHc pressure. 
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the relatively loose supporting tissue in the region of the large blood vessels. In some areas 
there was hyalinization of the muscle fibers associated with very little cellular infiltration 
(Fig. 4). In general, however, the degree of cellular infiltration was dependent upon the 
severity of the degenerative process. In many areas, marked hemorrhage was associated with 
degeneration and rupture of the muscle fibers (Fig. 5). There was’ no evidence of pre-existing 
disease. 

BacteriologxG Studies . — No ante-mortem bacteriologie studies were made. Blood taken 
from the heart at autopsy was inoculated into brain broth, and no bacterial growth occurred. 
The splenic pulp was cultured on brain broth and was sterile. A block of myocardium, 
measuring about 1 sq. cm., was placed in acetone for one minute in order to destroy the con- 
taminating surface organisms. It was then transferred to a sterile mortar and triturated 
with sterile sand and broth. Portions of this material were then inoculated into brain broth, 
Brewer’s fluid thioglycollate medium, and upon a blood agar plate. A pure culture of miero- 
aerophylic Streptocoecus hemolyticus was isolated. No contaminating organisms appeared in 
any of the media. 

DISCU.SSION 

The various etiological agents which have been suggested as the cause of 
isolated myocarditis include the Treponema pallidum,^ bacteria and bacterial 
toxins of an luiknown type,^’ - a virus,* and Staphylococcus citreus.^ Syphilis 
is admittedly responsible for a number of eases of myocarditis, but is certainly 
not the cause of the majority of cases of isolated myocarditis. None of the other 
agents have been proved to be responsible for the disease. 

Among the cases reported in the literature, organisms were searched for in 
three eases. In the case reported bj^ Rindfleiseh,® Staphylococcus citreus was 
isolated from the myocardium. Absees.ses were not found in the heart muscle, 
and hence its etiological relationship remains in doubt. In the other two cases 
reported by Scott and Saphir,® organisms were searched for by staining the 
tissue and not by culture. It is questionable whether this method of examination 
would reveal the presence of small numbers of organisms. Using a Gram’s 
method which stains organisms very well in control tissues, we were unable to 
find organisms in the myocardium in our case. 

The lesions in the myocardium are not unlike those whicli are caused by 
lmo^vn infectious agents where the myocarditis is not the sole active inflam- 
matoiy lesion. 

In this case we know that the micro-aerophylic Streptococcus hemolyticus 
was the causative agent. It is hoped that the myocardium will be cultured in 
other instances. This procedure may reveal that isolated myocarditis is more 
commonly caused by an infectious agent than is now appreciated. 


SUMMARY 

1. A case of diffuse type of acute isolated myocarditis is reported. 

2. A micro-aerophylic Streptococcus hemolyticus was isolated in pure cul- 
ture from the myocardium. Cultures of the blood and spleen remained sterile. 

3. Many eases of acute isolated myocarditis are probably due to an infec- 
tious agent, but the failure to recognize the condition clinicall}^ or grossly at 
necropsy has prevented proper bacteriologic studies. 
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muntmrs may be jmneived at tlie olecranon even wlica a cuff on the arm iii' 
dated to a pre^.-ure higlier tlian tlie systolic procure of a patient. The inten.^e munnui> 
of ijulmonary .steno^m, of an intraventricular eomnmnication, and of aortic i-tenosis or iu- 
.sniiicieney may be trauamitted to the elbow or to the carotid arterie.s: tliia fact proves that 
murmuri, are not tninsmitted by the blood stream but propagtite in all directions from their 
origin and are specially well conducted by bone. 

The present teackings on the propagation of murmurs should be revised, and, in general, 
the study of tlie nature of murmur.s requires more research. At'THoa. 

Peeples, G-. S. T.: The Eheumatic Pever Program in South Carolina, J. .Mouth 
Carolina AT. A. 40: 20o, 1944. 

A brief description is given of the Eheumatic Pever Program under the pro- 
visions of the Service for Crippled Children of the Children's Bureaus Service. This 
program is one of those conducted in about nineteen states at the present time. The 
details will be of interest to tho.se who are conducting similar programs or who arc 
interested in their initiation. 

AIcCi'i.].ocn. 

Lange, K., and Boyd, L. J.: The Punctional Pathology of Experimental Prostbito .and 
the Prevention of Subsequent Gangrene. Surg., Gynec. & Obst. 80: 34t), 1915, 

The tissue alterations after exposure to severe cold are described, and tlie sequence of 
events as well as the vascular occlusion due to stasis is discussed. The sequence of functional 
changes after exposure to mild cold, as elicited by the fluorescein test, is described, and empha- 
sis is placed upon the arteriolar spasm and decreased capillary permeability. T1 h*bo v-a.^cular 
changes are independent of central nervous system influences and seem to occur by axon rc- 
fle.\es. 

Cold sufticient to solidify the exposed tissues causes a complete interruption of circula- 
tion, during the exposure. This is always followed by a period of complete restoration of 
circulation and increased capillary permeability as evidenced by the iluore&cein test. This 
period lasts for six to sixteen hours after e.xposure. Tin's is the most promising period for 
therapeutic endeavor.«. The period of circulatory restoration is followed by one witli arteriolar 
and capillary occlusion resulting from the formation of red blood cell clots. Gangrene of 
tho associated urea is the consequence. Heparin administered during the period of circu- 
latory restoration prevented gangrene in sixteen rabbits whereas all controls had complete 
gangrene of the part. Five animabs were exposed by freezing small areas; in tlie remaining 
animals the entire bind leg wa.s frozen. Although tissue loss wn.s uveited by the early u.'u of 
heparin, sensory and motor nerve paraly.si3 was often not prevented. 

Fourteen case.s of human frostbite show that tho fluorescein test purmif.s the exact 
prediction of .sub-sequent superficial tissue loss provided certain precaution.^ are taken. Great 
surgical conservatism is in order in frostbite since tliese lesions .show a marked tendency to 
heal. Moreover, tho rules for amputation in occlusive va.scular disease are not applicable in 
frostbite. After an injection of fluore-scein the dye content of the blisters seems to iiffonl 
a good insight into the vascular damage in the deeper structures. AuTiioas. 

Woodbury, E. A,, and Abreu, B. B.: Influence of Dying Gasps, Yawns and Sighs 
on Blood Pressure and Blood Flow. Am. J. Physiol. 142: 721, 191-1, 

Grosjr and net, left and right ventricular prcr-surcs are recorded from dog.s without 
operative entrance into the chest by means of hollow sounds inserted down the lelt 
carotid into the left ventricle and down tho right jugular into the right ventricle. 

ATonnal inspiration increase.-! venous return to the right heart and produces con- 
tour changes characteristic of larger and more prolonged elfeclive ejection without 
piguiiicantly changing the dur.ation of sv.-itole. 

Dying deep breatliing, yawns, .and .sigh.s, which are generally cmHidered 

a.-! resiiiratory act.s, rmirkedly incrcaj-e vcnou.s return. In the pre-seace of cardiac 
arr<a>t, dyiug ga-p% pump blood through tho lungs and temporarily provide blood 
flow to tile vital areas, the ventral nervotm .-♦y.item, and the he.'irt. Elfectlve net 
prc'ourc as great 5!t mm. iig in the pulmonary artery, 5u mm. Ilg in Ihe coronary 
arteries, -aiid Ut mm. Hg ia the central nervous .-j^tem artoric-i was created by dying 
ga->pa in dogs vvhere cardi:tc net ion had eca.-ed. 
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Most cases are observed in childhood, and 70 per cent are\detected before the age of 20 
years is reached. After this, the condition becomes increasingly rare. .The scanty number of 
-adults so affected can be explained on several grounds, such as death in youth, spontaneous 
closure of the ductus in childhood, or on the failure of .the clinician and pathologist to look 
for this lesion systematically in older patients. 

Of fonrteen patients (Cases 15 to 28) in whom surgery was judged unnecessary or un- 
desirable, the eldest was 49 and the youngest 5 years, with an average age of 20 years. Two 
died, one from intercurrent infection and one from subacute bacterial endarteritis. Slight de- 
terioration in physical capacity was observed in three patients. Two women married and have 
borne families without undue distress. In one patient, a 6-year-old boy, the ductus closed 
spontaneously. 

Of the fourteen patients submitted to surgery, distinct improvement in the general health 
and physical capacity was observed in six. Pour obtained less benefit than anticipated, chiefly 
because complete obliteration of the ductus was not always obtained. Two patients died in 
the period after operation. 

The diagnosis of the infected ductus is discussed. As an aid to its recognition, emphasis 
is placed on the value of repeated x-ray examinations. The radiological appearances are, on 
occasions, unique. The changing pattern of the heart and lungs makes a sequence so charac- 
teristic that the diagnosis of bacterial endarteritis of the ductus and pulmonary artery should 
seldom be missed. 

Two patients submitted to surgery on account of bacterial endarteritis died. Death 
in each instance was attributed to massive pulmonary collapse. 

Problems of the postoperative period are discussed. The occurrence of respiratory 
complications, recanalization of the ductus after ligation, the significance of a return of the 
Gibson murmur after operation, and the course of the blood pressure response are considered. 

The selection of patients for surgery demands careful consideration. The main factors 
to bear in nund are the age of the patient and tlie degree of cardiac embarrassment. In 
general, the younger patient should be accepted for surgery when symptoms are minimal, in 
the hope that by ductal occlusion the child may grow and develop normally. In older patients, 
on account of the increasing operative hazards, surgery can be justified only when symptoms, 
being more severe, warrant the risk. In the presence of an infected ductus, ligation should 
be imdertaken without delay at any age. Author. 

Luisada, A. A., and Wolff, L.: The Significance of the Pulmonary Diastolic Mur- 
mur in Cases of Mitral Stenosis. Am. J. M. Sc. 209: 204, 1945. 

Three cases of mitral stenosis, two with associated interauricular septal defect, are 
described in which pulmonic insufficiency was constantly present and independent 
of congestive failure. None have died. Phonocardiographic records of the mur- 
murs are included. 

The clinical signs of pulmonary insufficiency and its differentiation from aortic 
insufficiency are reviewed from the literature and tabulated. Pulmonary insuf- 
ficiency is not always transient and fimctional in cases of mitral stenosis with or 
without interauricular septal defect, but may be permanent and organic as in the 
cases here reported. The nature of the possible organic changes is discussed. 

Authors. 

Levine, S. A.: Certain Observations Eef erring to Cardiac Murmurs and to Their Mode of 
Transmission. Arch. Inst. Cardiol, hlex. 14: 150, 1945. 

The speed of the blood in the cardiac cavities and in the large vessels is an important 
• factor in the production of murmurs and in determining their intensity. It is responsible 
for the appearance of presystolic murmurs under similar conditions in cases of incipient 
mitral stenosis. The same factor is responsible for the systolic murmurs that occur in con- 
ditions such as anemia, hyperthyroidism, and fever. 

In clinical explorations it is useful to grade tlie intensity of murmurs. For this pur- 
pose, one may designate as grade 1 the weakest murmurs, with grade 6 the strongest (those 
perceptible with the stethoscope at a short distance from the thoracic wall), and one may 
assign to murmurs of intermediate intensity the grades 2 to 5; Systolic murmurs of grade 3 
or higher denote usually some organic disease or some other pathologic condition. Sj-stolic 
murmurs of grade 1 and sometimes those of grade 2 are often present in healthy subjects, 
^^eak murmurs may disappear during deep inspiration even when caused by cardiac disease. 
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The rate of decline in heart sue lcs^ened atter tlie first quarter of the post- 
operative survival and later the heart size did not change or even increased slightly. 
It is sugge.'ted that these later changes may be duo, in part at least, to the develop- 
ment of myocardial ischemia as a result of the slowed rate of blood How, shared by 
the coronary circuit, leading to a loss of cardiac tone. 

AUTHOitS. 

Klemberg, W., Swingle, W. W., and Hays, H. W.; Intranuiscular Pressure Changes 

in Shock. Am. J. Physiol. 143: 89, 1943. 

Henderson’s tuethod was utilized for studying changes in intramuscular pressure 
under the following experimental conditions: (a) pentobarbital sodium anesthe.sia 
of long and short duration; (b) before and after intravenous injection of adrenalin; 

(c) following morphine plus pentobarbital sodium anesthesia; (d) fatal shock in- 
duced by four different procedures; and (e) sublethal hemorrhage without shock. 

Pentobarbital sodium anestlicsia of twelve hours’ duration did not induce any 
greater change in intramuscular pressure tlian anesthesia lasting two to three hours. 
Adrenalin, administered by vein, raised both the blood pressure and intramuscular 
pressure, but the latter remained elevated long after the blood pressure liad returned 
to normal. Morphine, followed by intravenously administered pentobarbital sodium, 
lowered both tho arterial pre.ssiire and intramuscular pressure for several hours. 
Shock induced in deeply anestlietized dogs by (a) release of limb tourniquets; (b) 
application of a limb press; (e) trauma to muscle masses of tlic hind legs; and 

(d) gunshot injury was accompanied in all cases by marked fall in the intramus- 
cular pressure. Sublethal hemorrhage, vv-ithout sliock representing 33 c.c. per kilo- 
gram of body weight, caused a sharp rise in iutramu'-cular pressure which was main- 
tained for several hours after spontaneous return of the blood pressure to normal. 
Roinfusion of heparinized vvhole blood in the liemorrliagcd dogs resulted in decline of 
the intramuscular pressure to control levels, 

AvriioiiS. 

CanzaneUl, A., Guild, E., and Eapport, D.: Tourniquet Sliock in the Babbit. Am. 

J. Physiol. 143: 97, 1943. 

Shock was produced in the rabbit by occlusion of tho circulation in the hind 
legs. After two hours of occlusion at room temperature, tho survival time after 
tourniquet release was 3,8 == 0.0 houis; after five hours of ocelu.'-ion it was 1.7 = 0.1 
hour. Thus a teelinique with predictable results is offered for the study of .shock. 
Tourniquet shock in the rabbit is not due to lo.ss of fluid in the ligated legs. Chilling 
fho tourniquoted leg.s more than tripled the .average survival time in most experi- 
ments; in tlio remainder death was delayed as much as twenty-four hours. Dehydra- 
tion and previous fasting did not affect the survival time, 

Wiggcrs, H. C,, Ingraham, B. C., and Dille, J.: Hemorrhagic-Hypotonsion Shock 

in Hocally Anesthetized Dogs. Am. J. Physiol. 143: 120, 19 fa. 

Combined moderate and drastic lieraorrhagic-hypoten.sion of tho intcu.sily recom- 
mended for production of ineversiblo shock in anestlietized dogs induces this con- 
dition oven inoro regularly in locally ancothetized dogs. Specifically, mortality was 
100 per cent in our .Series .V. dogs, even (hough only two of tho thirteen dog-, were 
permitted to endure the full 135-niiuute hypotenMou period. Under thece eumh- 
tions (a) po5trcinfii--ion survival tune* were shorter; (h) equivalent or smaller 
bleeding volumes were required to establisli Jiypotension of eijual intem-ity, and (c; 
the jiuthologic finding-, at autop..y were more e.xtensive and intense than in a .^eriit 
of b.vrbitalizc'l dogs previou-.ly studietl under these eondition-.. The eouclu-'ion was 
reached that (a) the barbitali/ed dog in eijuaily if not better equipped to with- 
stand tile rigors of this proveilute: tbj furbifuJ ane-ithesia, per se, iwitlivr faeili- 
tatvs nor fosters the on'Ct of shock when administered projjerly, and (I'l a simplified 
and Jess severe -hock prislueiiig proteduro in de-inilde if a large .-men of sho.’L 
e.xticrtH’.eats in iu-ully ane.nt}.eti/(.d dogs is coiiieiiipiated. It is sagg. -tid thnt 
psjehic, emotiouiil, or other ueurogtaic factors which fjt<|(;vurly prtvnit under local 
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Altschule, M. D., Iglauer, A., and Zamcheck, N.: Respiration and Circulation 
in Patients Witk Obstruction of the Superior Vena Cava. Cerebral Pactors in 
Dyspnea and Orthopnea. Arch. Int. Med. 75: 24, 1945. 

A study of the respiratory and cardiovascular dynamics in five patients with ob- 
struction of the superior vena cava revealed that hyperventilation, mth a consequent 
fall in alveolar carbon dioxide, often occurs in this sjmdrome. Stasis may be present 
in the brain of a patient with obstruction of the superior vena cava. High venous 
pressure and slowed circulation time do not necessarily indicate the presence of 
stasis. Studies of the blood gases are more helpful in this regard. 

It is concluded that the occurrence of hyperventilation, dyspnea, orthopnea, or 
periodic breathing in a patient with obstruction of the superior vena cava is as- 
sociated with tissue stasis in the brain. 

Authors. 

Prank, H. A.‘, Altschule, M.D., and Zamcheck, N.: Traumatic Shock. IX. Pressor 
Therapy: The Effect of Paredrine on the Circulation in Hemorrhagic Shock in 
Dogs. J. Clin. Investigation 24: 54, 1945. 

Vasoconstriction is not maximal in hemorrhagic slioek in the dog; arterial and 
venous pressures can be raised for considerable periods of time by paredrine. The 
responsiveness to paredrine diminishes or is lost late in shock or after reljeated 
dosage. The increase in arterial and venous pressures is not accompanied by an 
improvement in blood flow. The increase in alertness and activity following ef- 
fective paredrine injection in shock is not explained. These experiments do not 
indicate whether the vasoconstrictor effect of paredrine during^ hemorrhagic shock 
exerts a useful or harmful effect. 

Authors. 


Mylon, E., Cashman, C. W., Jr., and Wlnterrutz, M. C.; The Relation of Adrenalin 
and of the Carotid Sinus to the Hyperglycemia of Shock, .:1m. J. Physiol. 142: 
638, 1944. 

Hyperglycemia after hemorrhage varies in extent with the rate of blood loss. 
It can be prevented by quantitative replacement witli Tyrode solution immediately 
after each blood withdrawal. The anoxia attained is independent of blood loss 
or of replacement with Tyrode solution and cannot be the cause of the elevated 
blood sugar. Carotid sinus or vertebral artery ligation does not influence lij'per- 
glycemia after hemorrliage. Adrenalin hyj)erglycemia is mild as compared with 
that of hemorrhage. Carotid sinus or vertebral artery ligation abolishes or minimizes 
the hyperglycemic response to adrenalin even when tliere is adequate liver glycogen 
as demonstrated by chemical assay or by response to bleeding. The dependence of 
adrenalin hyperglycemia upon this neural mechanism suggests that the lack of the 
hyperglycemic response to adrenalin after hypophysectomy may be a result of dam- 
age to this pathway rather than to absence of the gland. Insulin sensitivity also 
is increased after carotid sinus or vertebral arterj^ ligation, but not to the extent 
that follows hypophysectomy. It may result from interference with adrenalin ac- 
tivit}- essential both for the restoration of blood sugar and for the decrease of the 
excitability of the central nervous system. 

Authors. 

Hondo, B., and Katz, L. N.: Heart Size in Shock Produced by Venous Occlusion 
of the Hind Limbs of the Dog. Am. J. Physiol. 143: 77, 1945. 

Changes in heart size follondng the production of shock by bilateral venous oc- 
clusion of the liind limbs of the dog were studied by means of x-ray. X-ray films 
of tlie heart in tlie anteroposterior and left lateral positions were taken, retraced, and 
the shadow area determined by planimetry. In some experiments, heart rate was 
.controlled by atropinization. 

Control studies showed that a change of heart size of a per cent, if uniform and 
consistent, was probably significant, and a 10 per cent change was unequivocal. 

The operative procedure employed led to a consistent decline in heart size greatest 
in the first hour. Tliis decline was attributed to the loss of circulating blood volume 
as shock developed, the rate of loss lessening as the experiment progressed. 
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Guerra, P.: Biometnc Studies Concerning Digitalin. Arch. Caniiol. ifev. 11: UiO 

irJ45. 

The generic term, digitalin, ineludea digitalic Mib-tauees \sUiek diil’er qualitaliielv and 
quantitatively. In view or' their chemical complexity their metabolism iu the organism dif- 
fers, hence the dL'cropaneie.-, in the clinical activity of the several crvstalline digitalins. Tlio 
main objection to the method of intravenous perfusion in the cat (adopted by the Committee 
of Hygiene of the League of Nations, by the U.S.P. XII, and by the other pharmacopoeias) 
is that, although tliis method is acceptable for the preparations made out of Ditjitaht, piirpumi 
and Dioitalu'i ihapsi, it is not adequate for those derived from Dif/italh- lanata, for which it is 
necessary to consider the gastrovenous coefficient. Furthermore, the biologic response ob- 
tained with tho standard of powdered leaves of digitalis is qualitatively and quantitativelv 
different from that obtained witli pure glucosides or witli the so-called digitalins. 

The statistical instability of the cat unit indicates the need of a reference standard for 
tho digitalins which should he effective clinically when adiiiiiiistered by different routes and 
should be sufficiently stable for accurate control. With the purpo.'-e of finding sucli a stand- 
ard, live samples of pure digitalins were titrated: Digitalin (A and B) powder,'. American 
process; Digitalin (C) crystallized by the French process; Digitoxin (D), identified by some 
with the crystalline Digitaline of Nativelle; and Digitahnum (E) powder, Geimim process, 
Tho method followed was that of the U.S.P. XII, using two groups of six cuts for each .sample 
and adjusting the technical details to those of the international collaborative assay of tho 
standard of digitalis leaves. 

As a basis for future discussion of an international standard for digitalin, special care 
was taken to develop the study in terms of the statistical theory of all-or-nothing reactions, 
which has been established xireeisely on digitalis by the speculations of Trevan, do Lind van 
Wijnguarden, Gaddum, and Fislier, and especially those of Bli.s.s, ba.sed on calculations of 
maximum likelihood. 

For each .sample the following aie de.senbed: cumulativo frequency, use of probits and 
of logarithmic doses for the transformation of the curve into a straight line, standard devia- 
tions, variation coeffieients, and tests of skewness and of kurtosis. A later analysis of vari- 
ance discusses the variation within and between the several samples titrated, their error, and 
the coiusistency and homogeneity of tho results. The relative potency of tlie sample-s studied is 
established using, as a comparative standard, the titration of the sample of digitalin D 
(digitoxin), because of its stability both from the technical and from the clinical stand- 
point. .VUTHOia 
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X’s:^ itoi».vTi.v OiLVV Ikic.v ; By Dr. .lose Keynaldo Marcoiides, University of yao Paulo, Brazil, 

S,io Paulo, 1011, J91 pages. 

This monograph L ba-sed upon 80 obscrvntion.s on 79 casf>*, including lo toxemias of 
pregnancy and ."o other liyperterisivc and renal syndromc.s. 

Toxemia of pregmmey is ton.->idered a» duo to an endm-rine uiib.tiancu eau,'«-d by a 
jdacentogiaic suljstanee. Thi.-. would cause diffu-e angio-p.tsm, willi st*eondary renal iMshemia, 
Wla-ncver the bitter perstst-v too hmg, irreversible renal b-'.ion.s occur. 
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and cojuplcte 'tudy of the subj.^-t. Differential dmgno-is arid tr<-utiii. nt arc di-eus-d in 
delaib 
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' anesthesia as employed may partially account for the apparently greater suscepti- 
bility to the standardized hemorrhagic procedures observed in tliese experiments. 

A less severe and less time consuming procedure was used in tlnrteen dogs 
(Series B) and ^Yas found more satisfactory. Irreversible shock was achieved in , , 
only, 77 per cent of the animals; the others sur\'ived indefinitely. However, it is be- 
lieved that shock can be attained in every instance by modifying the duration of the - 
hypotension period. It appears that severe irreversible changes seldom develop . 
until at least sixty minutes of hypotension (40 to 45 mm. Hg) have been endured. 

In most of the nonsurviving dogs, a specific reaction was recognized which in- 
dicated that irreversible shock had been produced and that further continuance of 
the low arterial blood pressure period was unnecessary. Thus, once the blood pres- 
sure shows a persistent tendency to decline from the established hypotensive level, 
even immediate reinfusion of all udtlidrawn blood does not prevent eventual death 
from shock. It is considered doubtful that an}' remedial measures at present pro- 
posed for hemorrhagic conditions can do more than prolong the onset of death, once 
this reaction occurs. 

Their dogs were at all times responsive to their environment, even in the advanced 
stage of hypotension. They never approached the moribund or comatose state until 
the terminal moments of the postreinfusion period as cardiore.spiratory failure ap- 
proached. Vomiting and/or bloody diarrhea were common occurrences in these 
dogs. This is mentioned inasmucli as Moon did not observe these phenomena in the 
uncomplicated hemorrhagic experiments he performed. Obviously, they are not 
distinctive features of shock dogs as differentiated from hemorrhaged dogs as Moon 
asserts. 

The subjection of dogs, locally anesthetized, to an abbreviated (sixty minute) 
period of hypotension (40 to 45 mm. Hg) before reinfusion of all withdrawn blood 
will not induce shock in most instances; nine of ten dogs survived this procedure. 

By reinfusing various blood or plasma substitutes instead of the blood withdrawn, 
their relative efficiency in severe hemorrhagic conditions can be evacuated. 

A'UTHORS. 

Walcott, W. W.: Blood Voliune in Experimental Hemorrhagic Shock. Am. J. 

Physiol. 143; 247, 1945. • 

9 

Blood volume studies were carried out on twenty-three unanesthetized dogs in 
hemorrhagic shock produced by a single rapid bleeding. Determinations were made 
of the magnitude of the compensatory reserves involved in the early restoration of 
the blood volume. These reserves averaged 10.7 per cent of the control blood volume 
but ranged from 3 to 18 per cent. It was concluded that for dogs under these con- 
ditions the blood volume must be reduced by at least 40 per cent to lead to progressive 
fatal shock. 

ri> Author. 

•w' 

Walcott, W. W.: Standardization of Experimental Hemorrhagic Shock. Am. J. 

Physiol. 143: 254, 1945. 

A method is presented for the standardization of hemorrhagic shock in the un- 
anesthetized dog. The method consists of the rapid determination of the bleeding 
volume followed immediately by infusion of 25 per cent of the blood collected. This 
procedure requires less than ten minutes. A fixed volume of Iff ml. is subsequently 
withdraAvn at half-hour intervals. This method of bleeding invariably produces 
fatal hemorrhagic shock. In a series of thirty dogs on wliich this method was em- 
ployed the survival time averaged three hours, forty-five minutes. 

Author. 

Scherer, J. H., and Howe, J. S.:- Pi^tal .Cardiac Tamponade .Hollowing Sternal Puncture. 

J. Lab. & Clin. Med. 30: 453, 1945. 

- 'The second death from' sternal puncture T-ecorded in the" literature and the first au- 
topsy on such a case is reported. The cause of death was cardiac tamponade, due to hemor- 
rhage from laceration of the right ventricle by the needle. ’ Author.s 



American Heart Association, Inc. 

1700 Bhoauw.vy at 5Stu Street, New York, N. Y. 


Dit. Rot TV. Scott 
P> evident 

Vii. Howard P. West 
Vicc-Presidant 


George R. Heurma.v.v 
Treasurci' 

Dr. Howard B. striuoe 
Secretary 


BOARD OF DIRECTORS 


‘Dk. 

Dr. 

Dr. 

Dr, 

Dr. 

*Dh. 

Dr. 

Dr. 

Du. 

•Dr. 

Dr. 

•Dr. 

•Dr. 

•Dr. 

Dr. 


EDG.ut V. .Vllen’ Rochester, llinn.f 
Arlie R. B.vrnes Rochester, Alinn. 
WILLIAM H. Bu.vn 

Youngstown, Ohio 
Clarexcb de Ja Ciiapelle 

New York City 
NOR.MAN E. Freem.vn Philadc-lphiat 


Timslet R. H.vrrison 
George R. Herrmax.v 
T. Duckett Jones 
Louis N. Katz 
Samuel A. Levi.ne 
Gilbert iiLuiQUARor 
H. AI. il.VRVI.N 

Edwin B. ArAYNARo, jr. 


Dallas 
G.alveston 
Boston 
Chicago 
Boston 
Chicagot 
New Haven . 
Brooklyn 


Thomas M. iIcMiLL.\..v Pluiadclphia 
Jo.vathan Meaki.vs Hontrealt 


•Executive Cojimittee 
fix military service 


Dr. E. Sterling Niciiol Miami 

Dr. Harold E. B. Pardee 

New York City 
Dr. William B. Porter Riciimond, Va. 
•Dr. Joh.n J. SAmdso.n San l^'ranciscot 
•Dr. Roy W. Scott Cleveland 

Dr. Fred M. S.mith Iowa City 

Dr. Howard B, Sprague Bo.stont 

Dr. George F. Strong 

Vancouver. B.C.. Can. 
Dr. Willi.vm D. Stroud PJiiIadelpIiia 
Dll. YViLLiAM P, Tho.mpson Los Angclc.s 
Dr. Harry E. Ungerlkider 

New York City 
•Dr. Howard P. West Los Angeles 
Dr. P.vul D. White Boston 

Dr. Filv.n’K N. Wilson Ann Arbor 

•Dr. Iuvi.ng S. Wright New York Cltyl 
Dr. Wallace M . Yater 

W.a.shington, D. C. 


DR- H. M. JlARVi.v, Aettno Extciilivc Secretary 
-Vn.na S. Wright, OMce Seoetary 
Tf.lepho.ne, Circle 3-SOOO 

T he American Heart Association i.s the only national organization devoted to 
cducatiou.al work relating to diseases of the heart. Its acliTitios are under 
the control and guidance of a Board of Directors compo.sed of tliirty emiaeut 
iihj’sicians who represent every portion of the country. 

A central office is maiatuiiied for the coordination and distriimtion of important 
information. From it there issues a steady stream of books, pamphlets, cliurt.s, 
lilms, lantern slides, and similar educational material concerned with tiie recognition, 
prevention, or treatment of diseases of the heart, whicli are now the leading cause of 
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Heart Disease: By Paul Dudley White, M.D., Lecturer in. Medicine, Harvard Medical Scliool, 
■ and Physician to the Massachusetts General Hospital, Boston. The Macmillan Co., New 
. York, 19-14;, ed. 976 pages plus index, IMS illu.stration.s, $9.00. 

The revision of tiiis book is bused on additions made during' the .si.x yeare since the 
previous edition. Its value is obviously enhanced by the additional clinical experiences of the 
author and the clinical judgment that comes from years of study and careful observations. 

The more important additions and revisions pertain to the range of the normal heart, 
phonocardiography, precordial leads, ligation of the patent ductus arteriosus, present status 
of the treatment of subacute bacterial endocarditi.s, splanchnic resection for hypertension, 
intracardiac thrombosi.s, pulmonary thrombosis, and other vascular accidents. The results are 
in keeping with the high standards maintained in the past. The addition concerning the 
range of the normal heart is particularly deserving of mention, especially at present because 
of the help that it may afford in tiie determination of tlie fitness of young men for military 
service. As pointed out by the author, this subject has been gi'ossly neglected in the past 
and thus is deserving of more attention in the future. The extensive bibliography continues 
to be one of the excellent features of the book. 

This book is well known to tlie profes.sion througli the past editions and because of the 
prominent position long held by the author in this field. Thus a recommendation is not 
needed, but merely an announcement that a new edition is available. 

Fred M. Siirni. 

Bloqueios de Eaho EM CuxirA: By A. B. Benchimol, Assistente da Faculdade Nacional 
de Medicina, Bio de Janeiro. Livraria Atheneu, Bio de Janeiro, 1943, 149 pages, 83 
illustrations. 

This work is based upon a very extensive survey of the literature and on the study of 
forty cases of bundle branch block. The evolution of ideas on bundle branch block is fol- 
lowed through ample quotations and also by reproducing the original tracing.s of different 
authors from Lewis (1916) to the latest contributions. 

After a chapter on diagnosis and classification, the author studies different types of 
bundle branch block by means of electrocardiography and other grapliic methods. Special 
attention is given to precordial leads. Unstable, focal, and bilateral block and the Wolff- 
Parkinson- White syndrome are discu.ssed in detail. 

In the following chapter, modifications caused by myocardial infarction on electro- 
cardiograms of bundle branch block are reviewed, and the influence of both ventricular hyper- 
trophy and the position of the heart is discussed. In spite of the difficulties presented by 
the association of bundle branch block with the two above-mentioned conditions, diagnosis is 
possible. The clinical study is illustrated by electrocardiograms and phonocardiograms. 

There is still a divergence of opinion on the interpretation of bundle branch block 
tracings, according to Benchimol, but multiple preeordial leads help in doubtful cases. The 
view- that most of the electrocardiographic changes thought to be characteristic of bundle 
branch block are void of any meaning is justly supported by the author; he accepts only 
prolougation of QBS as evidence of the lesion. 

The importance of other grapliic methods (phonocardiography, sphygmography, and 
phlebography) in revealing asynchronous contraction of f he two ventricles is properly empha- 
sized. Evidence of delayed contraction of one ventricle represents, after all, absolute proof 
of the existence of bundle branch block. 


Ai.no Luisada, 
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